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Abstract  
Meditation has been an integral part of pan-Buddhist Asian cultures for the past 
2,500 years. In contemporary society meditation is being used for secular practice 
and mental health therapy. Meditation studies in various fields have revealed that 
meditation is beneficial for mental and physical body health, resulting in greater 
physical relaxation, mental calmness, and psychological balance.  
This project explores meditation by visualising its brainwave status in a similar 
manner as Narcissus in the Greek myth who viewed his own reflection in the water. 
In this Greek myth, the myth was about external appearance and reflection, whereas, 
Narcissus Brainwave is about experience of internal reflection. The motivation behind 
the research is the assumption that becoming aware of one’s own internal changes 
during meditation could be more effective than viewing a master or someone else 
meditating. The externalization of previously inaccessible data of brainwave activity 
presented in an aesthetic format could encourage people to meditate.  
This research looked into what kind of aesthetic visualisation patterns could be 
discernible by viewers for differentiating between meditators and non-meditators, and 
what properties of visualisation patterns can provide additional information as 
parameters. The resulting digital artwork has been framed within Buddhist artistic 
symbolism, with the aim of demonstrating the positive effects of meditation on 
physical and mental well-being through artistic means. 
A software tool has been developed for generating aesthetic visualisations of 
brainwave data collected using the Neurosky headset. Two user studies were 
conducted with 28 participants in total. User Study 1 was conducted to collect the 
brainwave data of meditators and non-meditators for use in determining visualisation 
rules. User Study 2 was conducted to evaluate sets of brainwave visualisation 
patterns to find out how well people could discern the differences between trained 
meditators and non-meditators. The meditation model has been created and 
evaluated during the User Studies to determine the effectiveness of the visualisation 
states of meditation. The majority of participants could differentiate patterns between 
meditators and non-meditators. This result demonstrates that the meditation model is 
working. 
The contribution of this research is: 1) a set of visualisation rules and patterns based 
on the stages of meditation from normal to deeper meditation status, 2) an aesthetic 
artwork, Narcissus Brainwave, created from the visualisation rules. There is scope for 
further development of the visualisation rules towards new patterns resonant with 
other cultural and meditation practices. 
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Introduction 
This thesis is an Interactive Design project that uses the Buddhist mandala to 
visualise different mind states in meditation. In this introduction, these are discussed 
in the following order: significance of meditation, brainwave studies, research 
problem, research question, and summary of outcomes and contributions. 
 
Significance of Meditation 
Meditation has been an integral part of pan-Buddhist Asian cultures for the past 
2,500 years. It is utilised by various religious and spiritual groups throughout the 
world, in particular by Buddhist monks for spiritual training. Meditation is thought to 
be a useful skill to learn and use to discipline and heal the mind and spirit. In 
contemporary culture, meditation is available as a tool for anyone wanting to relax 
the body and mind, with positive health effects. Meditation may have physiological, 
mental, and spiritual benefits (Elizabeth, 2003). Most types of meditation have four 
elements in common: a quiet location, a specific, comfortable posture, a focus of 
attention, and an open attitude (National Institutes of Health, 2006, p. 2).  
 
Brainwave Studies 
Studies utilising the measurement of brainwave activity with EEG 
(Electroencephalography), have revealed the effects of meditation on brainwave 
activity. The change of consciousness through meditation is recognizable by its 
brainwave status. Brainwave readings taken during a normal day and during normal 
activities show the beta brainwave status to be dominant (Teplan, 2002, p. 3). Alpha 
brainwave activity is induced by closing the eyes and by relaxation. It is diminished 
by eye opening or by mental activity such as thinking or calculating. When people 
close their eyes, their wave pattern significantly changes from beta into alpha waves 
(Teplan. 2002, p. 3).  The most dominant effect in the majority of studies on 
meditation is a slowing of the alpha brainwave rhythm in combination with an 
increase in the alpha brainwave amplitude (Fell et al., 2010, p. 220). 
 
Research Problem 
WHO (World Health Organization) has added psychological functioning in the 
condition of quality of life. According to the recent CDC (Centres for Disease Control) 
national health statistics report, meditation was used by 7.6% people in 2002, 9.5% 
people in 2007, and 8.0% people in 2012 in the United States (Tainya et al., 2015, p. 
4). As we can see from the CDC report (9.5% to 8.0% in the U.S.), the percentage of 
people who meditate have declined in the U.S. Many people may have a prejudice 
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against practicing meditation because they believe meditation is a hard state to 
achieve. When unskilled people attempt to practice meditation, they may not know 
whether they have actually entered into a state of meditation or not.  
This research aims to provide the tools to visualise the inner status of participants’ 
brainwaves during the practice of meditation. This project is based on this 
assumption that meditative status should have specific patterns of brainwave data 
that can be visualised as unique patterns. The audience see their own mind status, 
thereby letting them recognise their distinct level of meditation. Hopefully, this project 
may give inspiration to an audience for encouraging their future meditation practice. 
 
Research Question: 
What kind of aesthetic visualisation patterns can be created that enable viewers to 
discern different brainwave states of meditators and non-meditators? 
 
The scope of project Narcissus brainwave is to create patterns of visualisation during 
meditation by exploring the differentiated patterns between meditators and non-
meditators. Research question includes the objective of identifying a set of properties 
or rules for the visualisation pattern. 
 
Outcomes and Contributions 
The primary outcome of the research is a digital artwork, Narcissus Brainwave 
composed of a series of images generated by the custom-made software program, 
which takes brainwave data as input and produces a specific visualisation based on 
a rule set as output. Instead of viewing graphs of brainwave data, the use of patterns 
enables the integration of multiple dimensions of information and the communication 
of this information in an effective and powerful way. 
A second outcome is the conceptual model of the stages of meditation, underlying 
the digital artwork. This model was iteratively developed through user studies, 
prototyping and testing. An interesting aspect of this model is the identification of a 
range between meditation and relaxation states through brainwave observation. It is 
named DOM (Door of Meditation) and is explained with reference to the Yogic and 
Eastern body-mind theories.  
The final choices for the visualisation rules have been made based on the conceptual 
model of the stages of meditation. A set of brainwave visualisation patterns have 
been generated from the visualisation rules. Distinct dynamically changing patterns 
represent the different stages of consciousness in the model of meditation, from 
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everyday mental activity (‘normal status’) to relaxation to meditation to deeper 
meditation.  
The model was validated by user testing and an interactive development process. 
The majority of participants (7 out of 11) were able to discern the different patterns of 
meditators and non-meditators.  
This research has potential significance for communicating the positive benefits of 
meditation to a broader audience. Firstly, to enable the audience to have an internal 
experience of meditation. Secondly, to let the audience experience benefits of 
meditation such as clearing their mind and reducing their stress. Thirdly, the 
Narcissus Brainwave aims to encourage and promote the practice of meditation.  
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Literature review 
Within this research project traditional Buddhist practices are used as the basis for 
imagery and techniques of meditation. An overview of the history, practices and 
techniques of Buddhist meditation is first provided to contextualise the research. The 
benefits of meditation are discussed from both the traditional Eastern view of 
spirituality and more recent scientific medical studies in neuroscience and the mental 
health area. 
 
In contemporary culture we practice meditation for ‘healing’ and ‘happiness’ as the 
ultimate goal. Most forms of modern meditation we know (Zen, Vipassana, Mantra, 
Chakra. etc.) essentially have their origins in the Eastern cultures. According to Otani 
(2003, p. 98), the elements of Buddhist meditation that are most relevant and 
intriguing to Western culture are the types of consciousness-altering techniques. In 
Buddhism, the purpose of meditation is to seek spiritual enlightenment and wisdom 
beyond healing and happiness. 
  
In this project reference has been made to Mahayana (Tibetan) mandala symbols to 
illustrate brainwave patterning. “Mandalas are circular diagrams of complex design, 
capable of innumerable variation” (Stutley, 1977, p.178). 
The mandala patterns made through spiritual and artistic activities are used as 
‘support’ of a concrete ritual or an act of spiritual concentration (Stutley, 1977, p.178). 
The traditional process of creating and destroying mandala pattern is utilised in this 
project to illustrate the transitory nature of thoughts and concentration. This process 
is referenced as suitable for expressing the difficulty experienced during meditation.  
Carl Jung’s understanding of the mandala as “the psychological expression of the 
totality of the self” (Jung, 1972) has also been used to inform the conceptual 
aesthetic for the project’s visualisation.  
 
BCI (Brain Computer Interface) is being expressed through these information 
visualisation methods when divided according to the purpose. The methods are 
scientific visualisation and artistic visualisation.  Scientific visualisation gives access 
to the visualisation and analytical information. However, artistic visualisation gives 
things beyond that. It comes to the various results depending on the combination and 
analysis of the data. Artistic visualisation does not inform only simplified data, it also 
lead to changes in the perception, and behaviour of viewers. The symbolic pattern of 
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Buddhism (mandala) is displayed using techniques of artistic visualisation instead of 
listing the complex brainwave information. 
 
Diagram of related research topics/areas 
  
Diagram 1. 
Diagram 1 shows the areas related to Artistic visualisation of the brainwaves of 
meditators research, Narcissus Brainwave. The research draws on understanding 
from a range of fields including body-mind theories, meditation practices like 
Buddhism, information visualisation and brain-computer interfaces. This research 
references the intersection of the fields of research within the scope of this project, 
(see illustration above), to enable users to recognize the meaning of data in the 
visualisation by simplifying complex brainwave information. 
 
Meditation 
Meditation has been practiced beyond the history of humankind. The first image of a 
person in meditation has been found in the clay stele from the Harappa culture in 
northern India, dating back 5,000 years (DAGLI, 2008).  
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In terms of oriental religions, our daily thoughts are what we normally refer to as 
consciousness. But in Eastern traditions, there is believed to be a deeper level of 
consciousness, known as inner-consciousness that is a path to wisdom and spiritual 
enlightenment. In these Eastern philosophies, the only way we can enter into the 
inner-consciousness is through meditation.  
 
‘Meditation’ as used in a modern sense, does not refer to a specific spiritual practice, 
but involves various meanings depending on the tradition it is used in. Eastern 
martial arts employ meditation. Whirling dance1 or Christian chorales or Buddhist 
chanting can be used as a meditative technique. “One could try to achieve a 
definition of meditation through its effects on the meditator” (Fell et al., 2010, p. 219). 
 
Meditation is being used for mental health therapy. In a state of meditation, the 
person can change unfavourable personality, characteristics, habits or behaviour 
(Deane and Roger, 1984, p. 29). Meditation practice is believed to result in a state of 
greater physical relaxation, mental calmness, and psychological balance (National 
Institutes of Health, 2006, p. 1). However, traditional meditation is not designed as 
therapy, it is modified when applied to psychotherapy (Yuasa, 1987, p. 207).  
 
Meditation is one of the cultivation methods of Eastern religions, as discussed by 
Japanese philosopher, Yuasa Yasuo (1987). Meditation is all about self-cultivation. In 
Western culture, body and mind are being treated as a dichotomous way of thinking. 
In Eastern philosophy, there is an idiom originated in an ancient event; 
“Shimshinilyeo” (心身一如 [mind and body are one without equality and 
discrimination]). There is no clear distinction between body and mind.  
 
According to Eastern body-mind philosophy, people can cultivate themselves with 
physical development such as yoga and martial arts (Yuasa, 1987, p. 24). In various 
forms of martial arts, meditation is also essential to trainees and masters before they 
perform. For example, Judo (my personal experience), Kendo-Japanese fencing 
(personal correspondence, 2014). 
 
  
                                                
1 The spiritual practice of the Moulavi-Order of the Sufi tradition in Turky (Fell et al., 2010). 
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Eastern Body-mind Theory 
Yogic theory 
 
In Yogic theory, the human organism consists of different and distinct parts, more or 
less indissolubly connected. The gross, the subtle, and the causal are the names 
given to those that constitute different bodies of the pure spirit (Devananda, 2011, p. 
14). 
a) Gross body (physical body): Body grasped by senses (Yuasa, 1987, p. 222). “The 
gross body is composed of five elements, namely earth, water, air, fire, and space.” 
(Devananda, p. 16). 
b) Subtle body (astral body): Cultivator can perceive self as small, delicate, thin, 
intangible, inaudible, and atom-like during meditation (Yuasa, p. 222). “The subtle 
body is made of organs of action, vital airs, organs of knowledge and mental 
principles called mind, intellect, subconscious and the ego. The subtle body is a 
meaning of experiencing pleasure and pain.” (Devananda, p. 16). 
c) Causal body (seed body): Ultimate body, transcendent, divine body and neither 
body nor mind (Yuasa, p. 222). “The beginning less indescribable ignorance is called 
the causal body.” (Devananda, p. 16). 
The key feature of this belief is all three bodies either act in harmony, or they are 
disconnected in a relative sense. When we meditate, we start from the subtle body. It 
allows us to open the most subtle pathways that lead to the causal body 
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(Paramahamsa, 2005, p. 76 - 77). In the meditative state, many people experience 
the subtle body. They experience the ego becoming smaller and through the process 
they may gain tranquillity and peace. 
 
Yasuo Yuasa’s dark and bright consciousness theory 
Yuasa argues that the Eastern tradition operates under the assumption that mind and 
body are inseparable, and that their unity, in which body governs mind, is a goal to 
be achieved through a process of cultivation. Mind and body are inseparable in 
Nishida2’s concept of “acting intuition”, through which the human being is related to 
the world (Yuasa, p. 50). 
Yuasa described everyday acting intuition as “bright consciousness” which is 
dominated by self-consciousness and in which mind and body are distinguished. 
Below “bright consciousness” is what Yuasa called “dark consciousness”. In dark 
consciousness, self-consciousness disappears and there will no longer be a 
distinction between mind and body (Yuasa, p. 61).  
Through Buddhist cultivation including precepts3 and meditation, self-consciousness 
can be dissolved and this produces an indeterminate form of body and mind. In this 
stage, body governs the mind (Yuasa, p. 223). It is not clear what the 
correspondences are between Yuasa’s bright/dark consciousness and the Yogic 
body theory. However possible correspondences are speculated upon in the 
formation of my conceptual model of meditation. The integration of concepts from the 
yogic body theory and this bright/dark consciousness became significant as a means 
of formulating my conceptual model of meditation, through an analysis of the user 
study data. (See section Merged Eastern body-mind theories with DOM, p. 65) 
 
Eastern Meditative Techniques in Buddhism 
Meditation has been a part of pan-Buddhist Asian cultures for the past 2,500 years 
(Akira, 2003, p. 97). The major ancient fundamental forms of Buddhist meditation are 
‘Samatha’ and ‘Vipassana’, ‘Zen’ and ‘Tong-len’. ‘Samatha’ meditation is to 
concentrate on a single object, such as breathing, a candle light, or a face of the 
Buddha. This concentrative meditation is a precursor to ‘Vipassana’ meditation, 
which has been referred to as "choice-less awareness" (Krishnamurti, 1999) or 
"mindfulness" (Kabat-Zinn, 1995). Both meditation techniques are means of 
                                                2	  Nishida Kitaro (1870-1945): recognized as the most influential of Japan’s modern (the post-Meiji period: 
1868 – present) philosophers (Yuasa, 1987, p. 49).	  3 The famous 5 precepts: not to kill, steal, lie, commit adultery or drink intoxicants (Yuasa, 1987, p.88). 
These precepts were transformed according to the culture and environment of the country.	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cultivating the student's mindfulness in the Buddhist training. Fundamental to this 
mindfulness training is anapanasati, which literally means "breath awareness" as 
taught by the Buddha himself.  
Following this basic training in anapanasati, monks are further instructed to expand 
the awareness from breathing to everyday behaviour in general. 
 
Zen meditation has partial roots in dhyana4, an altered state of consciousness that 
originated with yoga, the seventh highest state of consciousness in the framework of 
yogic theory immediately preceding Samadhi (ultimate realization) (Otani, 2003). 
When someone is practicing Zen meditation, he or she is not trying to stop thinking; 
rather to allow one’s thoughts to spontaneously disappear. Many thoughts or images 
arise, but they are just waves of own mind. If leaving the mind as it is, mind will 
become calm. There was a study with a group of Soto (one of the five major schools 
of Zen Buddhism in Japan) Zen monks in 1966. Kasamatsu and Hirai reported 
monks had begun to show alpha brainwave in less than a minute after starting to 
meditate. The alpha brainwave status lasted for some time even after the session 
had been over. Notably the monks did not become distracted by noises during 
meditation (Otani, 2003). 
 
Tong-len is a practice designed to cultivate loving-kindness by means of meditation. 
It has been popularized, particularly by the Dalai Lama. In meditation, while 
concentrating on his or her breathing, one visualizes the suffering of others and 
himself or herself. It is said to be a powerful technique for the monk to develop 
compassion and empathy for others (Otani, 2003). 
 
 
Visual Patterns from Buddhist Meditation 
1. Mandala: Mandala is a sanskrit word meaning "circle" or "encircle." The mandala 
and circles in general, symbolize the cycle of life (June-Elleni, 2009. p. 5). Even 
though, not all mandalas are circular, they are traditionally symmetrical, and believed 
to tap into the wisdom behind sacred geometry. 
 
Mandala is an image for reflection in meditation. It is believed in Eastern traditions to 
be an image of the cosmos, the universe, and also an image of the person, in which 
                                                
4 The 8 stages of yoga: yama, niyama (right behaviour) – asana (proper posture) – pranayama (life force 
control) – prathahara (interiorisation of the mind) – dharana (concentration) – dhyana (developing 
intuition) – Samadhi (ultimate realization) (Malhotra et al., 2009) 
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all of the levels-bodily, psychological, spiritual-are represented, as well as the journey 
of the individual toward wholeness (Barnhart, 2008. p. 20). 
 
Figure 1. Mandala Vision Board Making Workshop. Aisha Amarfio (2013) 
The creation of a mandala, the representation of the world in divine form, perfectly 
balanced, precisely designed, is meant to reconsecrate the earth and heal its 
inhabitants. 
 
Tibetan monks spend about 2 weeks creating a Mandala artwork out of grains of 
coloured sand, but it takes only a few minutes to destroy it. They divide the Mandala 
circle into 8 parts and sweep the grains of the Mandala toward the centre. The 
coloured sands art is later swept away and destroyed. The process of creation and 
destruction of the Mandala ceremony is illustrated to highlight that form is 
impermanent.  
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Figure. 2. Tibetan Mandala - Closing Ceremony. Gerald Grow (2007) 
The Mandala ceremony highlights that all things are in flux, it says, beautiful but 
ephemeral, moving but temporary, a plateau but not a summit (Gerald, 2007). 
2. Eternal knot: Buddhist symbol. The eternal knot is common to many ancient 
traditions, and became particularly innovative in Islamic and Celtic designs. In China 
it is a symbol of longevity, continuity, love and harmony. As a symbol of the Buddha’s 
mind the eternal knot represents the Buddha’s endless wisdom and compassion 
(Beer, 2003. p. 12). 
 
                                 Figure. 3. The Glorious Endless Knot. Pal Be’u (2015)  
As a symbol of the Buddha’s teachings it represents the continuity of the ‘twelve links 
of dependent origination’, which underlies the reality of cyclic existence (Beer, 2003). 
 
Benefits of Meditation 
Spiritual View 
“Only things well examined by Mindfulness can be understood by wisdom, but not 
confused one’s” (Nyanaponika, 2005, p. 37).  
In oriental religion, people believe that if someone practices meditation during his/her 
life with his/her religious beliefs, the meditator has wisdom and lives a transcendental 
life. 
Spiritual meditation lets people have a favourable influence on overall and spiritual 
quality of life (Wachholtz & Pargament, 2005). 
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Even at this moment, people in the world have such busy lives and they don’t even 
recognize what direction they are going. Meditation is all about power of self-
recognition that frees people from negative habits to shift their awareness to more 
important and positive ways of being. 
“Many people pass through life never realizing who they are and never certain about 
the purpose of their existence” (Singh, 2007). In the spiritual view, one of the ways 
people can rediscover themselves is empowerment through meditation. 
 
Medical Scientific View 
The benefits of meditation have already been proven in scientific research. Some 
examples include; meditation efficacy on hemodynamic function (blood flow, motion 
and equilibrium under the action of external forces) (Vernon et al., 2010), stress 
reduction (Shauna et al., 1998), ADHD (Attention Deficit Hyperactivity Disorder) 
(David et al., 2009), melatonin and breast / prostate cancer (Massion et al., 1995), to 
reduce heart rate (Solberg et al., 2004), to boost the immune response (Davidson et 
al., 2003), to reduce anxiety, pain and enhance self-esteem (Bonadonna, 2003) and 
to alter levels of melatonin and serotonin (Solberg et al., 2004).  
Some psychiatrists concede the self-healing effect of meditation, but not the efficacy 
of meditation itself. Patients believe the efficacy of meditation healing power, but the 
psychiatrists treat it as a Placebo effect (Andrade & Radhakrishnan, 2009). The 
majority of researchers think meditation works best for mind disorders and stress 
reduction. The bulk of scientific studies have found a strong correlation between 
meditation and stress reduction.  For example,  
“Analysis of variance documented significant reductions in anxiety and depression 
scores after treatment for 20 of the subjects… A group of mindfulness meditation 
training program can effectively reduce symptoms of anxiety and panic and can help 
maintain these reductions in patients with generalized anxiety disorder, panic 
disorder, or panic disorder with agoraphobia.” (Kabat-Zinn et al., 1992) 
Significantly larger grey matter volumes have been found from long-term meditators 
in the right orbito-frontal cortex (“as well as in the right thalamus and left inferior 
temporal gyrus when co-varying for age and/or lowering applied statistical thresholds” 
(Luders et al., 2009)). Meditators showed larger volumes of the right hippocampus as 
well. “These larger volumes in these regions might account for meditators' singular 
abilities and habits to cultivate positive emotions, retain emotional stability, and 
engage in mindful behaviour” (Luders et al., 2009). 
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These scientific studies indicate benefits on physiological and mental levels of health 
and well-being; now we look at understanding meditation through its effects on 
brainwave activity. 
 
Brainwaves 
Since the first EEG invented in 1920, scientists discovered the brain generates 5 
different brainwaves. The brainwaves are: Alpha, Beta, Theta, Delta and Gamma. 
Brainwave Frequency Description 
Alpha 7.5~12.5Hz 
When body and mind are relaxed, alpha 
brainwave appears. Healthy and relaxed 
people create large amount of alpha 
brainwave. Especially during meditation, 
the alpha brainwave appears steadily.  
The alpha brainwave state is considered 
the brain’s most powerful functioning state 
for creativity (James, 1981) and memory 
performance (Klimesch, 1999, p.169). 
Beta 14Hz~30Hz 
If conscious, beta brainwave appears. In 
daily life, most of people’s brainwave is 
beta and it relates to agility, concentration, 
cognition and awareness. If this status is 
kept continuing or going over, anxiety, 
restlessness and confusion may be 
caused (Alicia and Claude, 2007). In a 
calm state, the optimum condition is low 
amplitude of beta brainwave. 
Gamma 30Hz or higher 
When awakened consciousness or excited 
(Kortelainen et al., 2012), transcendental 
states of consciousness, during lucid 
dreaming (Sauseng & Klimesch, 2008), 
gamma brainwave appears.  
Delta 0.1-3 Hz Non-REM sleep status and unconscious. 
Theta 4Hz~8Hz 
Under the shallow sleeping status, 
brainwave gets slower and stronger 
rhythmic theta brainwave appears. 
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                            Figure. 4. Brainwave graph. (Vladimir, 2011) 
 
 
 
 
                    Figure. 5. Typical brainwave amplitude 
(Wojciech, 2014) 
 
 
Recent Scientific Research on Brainwave and Meditation 
Recent studies in cognitive science have found that Tibetan Buddhist monks have 
increased levels of gamma waves as a result of their meditation practices. This 
Name of the 
wave 
Typical amplitude 
[micro volts] 
Alpha 30 – 40 or higher 
Beta 2 -20 or higher 
Gamma 3-5 or higher 
Delta 100 - 200 
Theta Higher than 30 
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evidence was documented by neuroscientist Sean O'Nualláin who hooked electrodes 
up to the brains of eight long-term Tibetan Buddhist monks (O'Nualláin, 2009).  
Advanced Buddhist practitioners create high-amplitude gamma band oscillations 
during meditation. The study investigated different forms of focused meditation in a 
Buddhist Lama. The author interpreted the result as “different patterns of gamma 
band activity are evidence that altered states of consciousness are associated with 
distinguishable patterns of brain activation” (Lehmann, 2001).  
The most dominant effect standing out in the majority of studies on meditation is a 
state-related slowing of the alpha brainwave rhythm in combination with increased 
amplitude of alpha brainwave (Fell et al., 2010). Neuroscientists believe that people 
who have meditation training are better able to regulate localized alpha brainwave 
than non-trained individuals.  
There was an EEG study between experts and novices. Expert meditators achieved 
a significantly deeper level of meditation as measured by lower alpha. The main 
difference was when the two groups conducted meditation, alpha brainwave of 
experts side slowed down and the amplitude increased (Sas & Chopra, 2015). 
Researchers in Yamaguchi University, Japan have found that low alpha brainwave 
may reflect stressed states of the brain. Unpleasant acoustic stimuli reduced the 
amplitude of low alpha brainwave by approximately 20% (Nishifuji et al., 2010). A 
similar observation was made in my preliminary study, where changes in the 
brainwave took place at times of external distraction (unpleasant sound). In 
consideration of the problems caused by interruption, it was decided that the user 
study place needs to be quiet and uninterruptible. The methodology was updated to 
reflect this requirement. 
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Ways of Visualisation (cognitive science and creative artworks) 
Scientific Visualisation 
        
        Figure. 6. Brainwave Visualiser (Neurosky)     Figure. 7. 3D Brainwave Visualiser 
Recent affordability of EEG devices has meant they are available to a wider group of 
users. This has meant that individuals have been able to directly observe their own 
brainwave patterning using these Visualisers. Figure 6 and Figure 7 illustrate 
scientific visualisations of brainwaves in graph form using data from the EEG device. 
Use of these EEG devices however, requires specific instruction to enable the 
interpretation of raw data. 
 
Recorded brainwave patterning of participating meditators on the graph form is used 
to indicate visually, the various levels of meditation attained. This visual information 
allowed observers taking part in the User Study 1 conducted as part of this research 
to observe the individual patterns achieved in different levels of meditation. However 
the graphed form of data is limited in conveying meaningful aspects of the quality of 
the meditative state achieved, hence the turn to artistic visualization for this purpose. 
 
Artistic Visualisation 
    
Figure. 8. Joao Beira and Yago de Quay. (2014). Biomeditation 
 
In cognitive science, brainwaves are expressed as 2D and 3D graph models or 
illustrations of brain picture. Cognitive science wants to understand how the brain 
functions during meditation. In analysing the creative results of artists’ brainwave 
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visualisations, they have to interpret the creative, abstract, intuitive and emotional 
nature of the work. These creative works have messages and meanings as well. The 
examples shown above in Figure 8 illustrate an artistic approach to visualising 
brainwaves. Both images of ‘Biomeditation’ by Joao Beira and Yago de Quay (2014), 
use an EEG headset to track performers’ brainwaves as they meditate, capturing and 
translating cognitive and emotional experiences into audio and visual compositions. It 
is noted that both scientific and artistic visualisation have the same goal. The goal is 
to communicate the inner workings of the brain. However, interpreting scientific 
visualisation requires a specific educational background, excluding the lay-person 
without an explicit explanation. Artistic visualisation on the other hand, is interpreted 
by the audience’s heart, via a direct connection to the intuition and emotion. In 
Kingdon’s understanding of art and science, “Our experience is felt rather than 
analysed as in science, rather is reorganised into forms and colours that effect a 
meaning” (Kingdon, 2003). The interpretation of an artistic brainwave visualisation 
would vary, depending on the audience’s point of view.  
 
Narcissus Brainwave as an artistic visualisation would allow users to observe their 
own recorded brainwave information in different situations. This would also allow the 
user to monitor whether they have achieved the meditative state or not, and if so, 
what level of meditation has been attained. 
 
Information Visualisation 
 
                        Figure. 9. Lau & Vande, (2007). Mapping technique and data focus 
To analyse information visualisation aesthetics one would judge it in terms of 
functionality and effectiveness. On the other hand, Visualisation Art is commonly 
interpreted in terms of artistic influence and meaning. Two factors define the model of 
information visualisation: data focus and mapping technique. This model is based on 
objective observations rather than an examination of creators’ intentions (Lau & 
Vande, 2007). The creative visualisation images used were not just in graph form. I 
utilised aesthetic interpretation to connect areas such as brainwave status during 
meditation, and Buddhist symbolism patterns. The created visualisation was able to 
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be interpreted by the user at the end of the project, as demonstrated in the User 
Study 2 section. 
 
Brainwave Audio-Visualisation Studies 
 
              Figure. 10. Alhambra Mandalas. Borg. (2007). 
There are only a few examples of artistic visualisations of brainwave activity. Borg’s 
Alhambra Mandalas takes the inspiration from the 11th Century Alhambra castle in 
Granada, Spain. The architectural culmination of the Islamic ornamental handicraft 
found there has inspired many artists throughout the centuries, and the same n-star 
rosette motif is ubiquitous throughout the Arab world. Users can wear the Neurosky 
Mindwave that detects the level of concentration, mindfulness and brainwave status 
of the users. The result is a continuously evolving tapestry varying according to the 
values of brainwave, as illustrated in Figures 10 and 11. 
 
              Figure. 11. Alhambra Mandalas. Borg. (2007). 
The parameters are raw signals of brainwaves and attention and meditation values 
calculated on the ThinkGear chip. Alhambra Mandalas creates symmetrical patterns 
depending on the values of brainwave status. However, Narcissus Brainwave does 
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not use the attention and meditation values provided from Neurosky. The formula of 
attention and meditation is not open and we found it is not quite reliable numbers. For 
that reason, only the raw values of brainwaves are used in Narcissus Brainwave. 
The Alhambra Mandalas artwork can create thousands of patterns depending on the 
brainwave data. It creates patterns from the centre and spreads to outside like 
particles. In Narcissus Brainwave, mandala pattern has been created with particles 
and sacred circles depending on the raw data of brainwaves.  
 
 
                                Figure. 12. Eunoia. Park. (2013). 
Another example is Lisa Park’s Eunioia. Eunoia derives from Greek word, meaning 
‘beautiful thinking’. An EEG sensor measures brain activity and the collected brain 
activity data is translated in real time to modulate vibrations of sound. The sound 
waves vibrate pools of water in metal plates placed on speakers. 
 
 
                                         Figure. 13 and 14. Eunoia. Park. (2013)   
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Five metal dishes are used in this work to represent the basic human emotions: 
happiness, anger, sadness, hatred and desire. Water was used because it is neutral 
and our body consist of 70% of water. The goal of the project was to achieve stillness 
of audience feelings. If participants reached the moment of silence in their emotional 
state, there would be no sound created from speakers. The artist used Attention 
value (as provided from EEG sensor) to register agitated feelings. 
The project ‘Eunoia’ was inspired by Buddhist philosophical book “Non-possession” 
written by a notable Buddhist monk, Bub-Jeong. The book “Non-possession” 
described the concept of ownership from a Buddhist perspective which posits the 
theory that no one actually possesses anything. In Narcissus Brainwave, the created 
patterns have been dismantled at the end to illustrate the Buddhist theory of 
impermanence. This reflects the dismantling process that occurs at the end of the 
creation of the sand Mandala by the Tibetan monks. 
Lisa Park treated raw brainwave data to depict the 5 basic human emotions when the 
stillness is broken (high attention level). Narcissus Brainwave studied about the 
noticeable differences in brain wave activity between meditation state and normal 
thinking state. The properties to be used to create the visualisations in this project will 
be based on the result attained. 
 
 
  Figure. 15. Biomeditation. Beira and de Quay. (2014)  
Biomeditation is a recent artwork by Biera and de Quay, using brainwave 
visualisation (see Figure 15). They used an EEG headset to track performers’ brain 
waves as they meditate, capturing and translating cognitive and emotional 
experiences into audio and visual compositions. It is difficult to know how these 
artists interpreted the brainwave data, as no publications exist. Biomeditation has 
similar methods as compared with Narcissus Brainwave: using an EEG headset to 
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measure brainwave activity for creating visualisation. Bio meditation has only one 
parameter to express meditative level of audience, that is, colour (blue to red). In 
Narcissus Brainwave, the status of meditation will use many parameters for creating 
Eastern Buddhism patterns. 
 
 
Figure .16. AlphaLab. Khut and P. Brown. (2013). AlphaLab 
AlphaLab (previously called Theta Lab) explores the possibilities of a unique form of 
electronic arts, in which attention, experience and compositional form become 
radically entwined. Electronic soundscapes controlled by changes in alpha brainwave 
activity were used to guide participants to a place of intense but wakeful stillness. 
Interviews and diagrams recorded with participants after their interaction document 
the range of experiences and reflections supported by this unusual form of human-
computer interaction. 
Narcissus Brainwave explored different levels of consciousness like AlphaLab, but 
Narcissus Brainwave was more focused on the level of meditative status through an 
aesthetic visualisation. 
 
In summary, the approach to visualisation adopted for Narcissus Brainwave was a 
combination of artistic and information visualisation. The goal for viewers to be able 
to discern whether specific visualisation patterns reflected the brainwave activity of 
meditators or non-meditators was implemented by combining the clear mapping 
employed in information visualisation with the more affective and aesthetic aspects 
related to artistic methods.
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Methodology 
 
Narcissus Brainwave adopted a practice-based approach. Practice-based Research 
is an original investigation undertaken in order to gain new knowledge partly by 
means of practice and the outcomes of that practice (Candy, 2006). The original 
contribution of Narcissus Brainwave was demonstrated through a creative 
visualization. This research also included quantitative research to analyse the 
brainwave changes through meditation. Narcissus Brainwave is the combination 
system of the analysis of the brainwave quantitative research and artistic (qualitative) 
visualisation system. To obtain new knowledge through a creative practice, practice-
based research was determined to be best suited. 
 
The research consists of the following activities: 
 
1. Creative experimentation and prototyping 
Research and design have been conducted into how to express and visualize 
brainwave data following patterns used to illustrate Buddhism philosophy. I 
experimented with different kinds of aesthetic visualisation patterns to determine the 
most effective ones to show the differences between people who practice meditation 
and those who do not.  A system comprising of a software visualisation program has 
been developed for this research. It registers EEG (electroencephalogram) data from 
a brainwave sensor. The brainwave sensor is a commercially available non-invasive 
type (the Neurosky Mindwave). 
 
2. User studies 
I have recruited both trained meditators and non-meditators to use the system to 
generate a range of visualisations. In the first study, brainwave data was gathered 
from meditators and non-meditators. Analysis of the brainwave patterns identified 
differences between the two groups, and was used as the basis to make rules for 
visualisation. Participants were also asked to fill in a questionnaire to understand 
what was happening during their meditative experience for interpretation of the 
brainwave data. 
 
In the second study, participants were asked to evaluate these recorded sets of 
brainwave visualisation patterns. The aim of the study was to find out how well the 
visualisations enable them to differentiate between trained meditators and non-
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meditators. The participants of the second study were also asked to contribute their 
brainwave recordings, obtained in the same way as the first study, in order to 
increase the sample size for data analysis. 
 
3. Final production 
After the User Study 2, the final choices for the visualisation rules were established. 
A set of brainwave visualisation patterns was generated and these form the basis for 
the creative artwork. 
 
Details of the user studies:  
(0) Pilot study to trial data collection of brainwave activity. This study has been 
conducted in order to comprehend how long a timeframe is required for meditators to 
reach a meditative state.  
 
(1) Brainwave data collection. Recruit minimum 6 meditators and 6 non-meditators. 
Recording of brainwave activity for 10 minutes. 
 
A location without any disturbance has been chosen for carrying out the User Study 
to avoid external stimuli. 
 
Total session duration was 60 minutes. 
Protocol: 
    a) Introduce participants to study and goal of the session. 
    b) Participants fill out demographic data (first part of questionnaire #1). 
    c) Fit the brain wave sensor to their head and familiarize them with the 
recording device.    
    d) The participants are asked to perform the following activities and recording 
of their brainwave activity takes place. I let them know when the time is up. 
1. Silently read a set text for 5 minutes. 
2. Perform Zen counting meditation for 5 minutes. 
3. For trained meditators only: Meditate using their own technique for 10 minutes.  
    e)     Participants view a graph of their recorded brainwave data, to prompt their 
verbal description of the internal experience. 
    f) They fill in a questionnaire (#1) to understand what was happening during 
their meditative experience for interpretation of the brainwave data. 
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(2) User evaluation session of visualisation patterns. Invite back the original 
participants, plus more new participants (half / half, meditators / non meditators). In 
the first part of the session, they were asked to do the same as for Study 1. Then in 
the second part of the session, they were asked to view a set of visualisation patterns 
and notice any differences.  
* Different orders of DS (Display Sequence) were applied to each participant for avoiding 
anchoring bias (e.g, Participant 1: DS1-DS2-DS3, Participant 2: DS2-DS1-DS3, Participant 3: 
DS3-DS2-DS1) 
They were asked if they were able to attribute certain patterns to meditators or non-
meditators. A questionnaire (#2) to capture their interpretations and responses will be 
provided. 
Total session duration was 90 minutes. 
 
All sessions with participants have been audio-visual-recorded for later analysis. 
Primary data collection included the brainwave data, the participants’ verbal 
description of their internal experience during meditation session, and the 
questionnaire responses. The questionnaire was aimed to elicit the character of the 
specific meditation that was used during the recording of their brainwave data. This 
data enabled me to make sense of the brainwave data and correlate brainwave data 
to internal experience. During the evaluation sessions, participants discussed their 
views, however this information was not necessarily put into the paper questionnaire. 
By viewing their body language and manner during evaluation, it was possible to 
observe how they perceived and interpreted the visualisation patterns. Hence there 
was the need for audio-visual recording. 
 
All participants were aged 18 years and over. The main inclusion criteria for trained 
meditators is at least 2 years experience with a regular practice. The main criteria for 
non-meditators is not to have trained in any formal meditation practice. 
 
Zen Buddhism meditation 
In consultation with the participating meditator of 40 years experience, the following 
technique was identified as suitable to non-meditators. It was suggested as being 
simple, using a familiar process (counting), and being easy to track when 
concentration has been lost.  
 
Technique 
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The participant is encouraged to relax the body and to adopt a comfortable sitting 
position with a straight back. They then focus on the breath, counting from one to ten 
on the exhalation (each exhalation is a count). On reaching ten, they return the count 
back to one. Should concentration be lost and the meditator finds their counting has 
gone past ten, they start from one again. Focusing on the breath helps to avoid 
becoming distracted. 
 
EEG tool use in the research 
 
   Figure. 17. MindWave product image 
Commercial devices are generally quite expensive and cost thousands of dollars. 
Mindwave was developed by Neurosky Inc., and is currently costing US$79.99. Fast 
Fourier Transform (FFT) is used to find the frequency components in a time domain 
signal. It measures brainwave safely (non-invasive) and operates at low voltage 
(1.5V, 95mA), which does not present known physical risks. Mindwave has 10 
meters radio frequency (RF) range, so it is useful to measure brainwave from quite 
far distance. The measurements of Mindwave are raw brainwave signals, and they 
provide their eSense meter for processed values of attention, meditation, blink 
detection and on-head detection. In this research, only raw brainwave data was used. 
Neurosky does not provide access to their proprietary algorithms. 
 
Reliability of brainwave data with Neurosky Mindwave 
There are previous studies that investigated the EEG activity for different frequency 
bands using a low budget, a mid-price ranged and a medical EEG device. The mean 
absolute error for the stratified results varied between 26% and 28% for the 
NeuroSky Mindwave. The analysis of the BrainAmp medical EEG device resulted in 
a mean absolute error between 4.74% and 27.68%. Introductory experiments with 
the Emotiv EPOC headset were giving results in the range of the NeuroSky 
Mindwave headset, performing extraordinarily well, and even better than the best 
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results of the medical EEG (Forster et al., 2014). Their research project took the 
approach of efficiency and processed the EEF signal with low financial outlay. 
The brainwave data with Neurosky Mindwave can be used for neurofeedback and 
the brain control interface (BCI). The error of the device is too high for clinical use 
(Forster et al., 2014). By default, there are 512 raw wave data points (512Hz 
sampling) for every attention, meditation, alpha, beta, gamma, delta, theta, and 
signal quality value (1Hz update). Despite the low sampling rate of one second data 
updates, it has not been a significant issue for this research. Narcissus Brainwave 
analyzes and visualizes the relative differences between each brainwave value and 
the continuity of the state by observing brainwave activity. It was observed during the 
user studies, that entering into a meditative state was possible within a few seconds 
and if there were no internal or external interferences, the status was steadily holding. 
Therefore, even if there is a change in a very short time (less than 1 second), it will 
not be significantly meaningful in Narcissus Brainwave. 
It should be noted that Narcissus Brainwave does not use the Neurosky attention and 
meditation values, because the formula of attention and meditation are not open and 
the values were found not to be reliable. 
Neurosky mindwave is a non-invasive EEG device. Non-invasive method is 
considered harmless to the human body, but the performance degradation can be 
caused by the noise generated. When someone wears the EEG device, instantly 
noise is mixed with brainwave data due to the friction between the sensor and the 
forehead. It also happens when someone takes off the device. Due to this issue, 5 or 
10 seconds of data from the beginning was ignored in other studies. This noise 
occurs in the case of knitting brows, the size of noise will be added to the original 
data. Some visualisation may be affected by this nested noise. 
 
Terminology (only within Narcissus Brainwave) 
Normal status: State of intellectual activity, quite sensitive to external stimuli, and the 
opposite state of meditation.   
Meditation status: Alpha brainwave status, low level of theta brainwave, state of 
freedom from thoughts. 
Relaxed status: Intermediate state between normal and meditation, low level of alpha 
and theta brainwave. 
Attention: Occurring in normal status, it is caused by concentration. Over 150000 
ASIC EEG power units of theta brainwave. 
Distraction: Occurring in meditation, it is caused by internal or external stimuli. Over 
33 	  
150000 ASIC EEG power units of theta brainwave. 
The definition of expertise in meditation practice is not commonly agreed upon. 
However, the following definitions for levels of meditation experience have been used 
for Narcissus Brainwave. 
 
Level of participant’s experience (Kasamatsu & Hirai, 1966) 
Master meditators: over 20 years experience 
Expert meditators: 5 to 20 years experience 
Moderate meditators: 1 to 5 years experience 
Novices: no meditation training. 
*In another study, depending on the meditation experience (hours), the level of 
meditation was classified; expert meditators: 44,000 hours, moderate: 19,000 hours, 
and novice (Brefczynski-Lewis et al., (2007). However, it is realistically not easy to 
reach the expert level by this standard, even if we practice for 20 years by 5 hours a 
day. For this reason, the division method of Kasamatsu and Hirai which is applicable 
to normal meditator (i.e. not a professional or religious meditation practitioner) was 
chosen.  
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Preliminary study  
A preliminary study was conducted to find out and test some key parameters to be 
used in the research methodology. The first parameter is time requirement for 
meditation. Another goal of the study was to become familiar with the differences 
being reflected in the form of brainwave activity during the meditation. The third goal 
was to verify the appropriateness of the Zen meditation technique for novice 
meditators. This technique had been advised by the expert meditator (of 40 years 
experience). 
Initial brainwave analysis of difference (normal status and meditation) 
 
Figure. 18. Brainwave graph in a normal status (7 years experience meditator) 
 
Figure. 19. Brainwave graph while meditating (7 years experience meditator) 
Seconds 
 
Seconds 
ASIC EEG 
power units 
ASIC EEG 
power units 
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Sample brainwaves were recorded for 10 minutes duration of normal status (not 
doing meditation) and then during meditation status. Both records were from same 
person (7 years experience meditator). The brainwave in meditation status shows 
stable outcomes in comparison to normal status. Also alpha brainwave (green lines 
in both graphs: high frequency alpha brainwave, red lines in both graphs: low 
frequency alpha) dominates other brainwaves during the meditation. In observing 
other participants similar results were attained; stable brainwave movement, mostly 
alpha brainwave dominant. 
 
Figure.20. Normal brainwave status  (13 years experience meditator) 
 
Figure. 21. Meditation status (13 years experience meditator) 
 
Seconds 
ASIC EEG 
power units 
ASIC EEG 
power units 
Seconds 
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Brainwave recording of a meditator with thirteen years experience was conducted to 
reveal any difference from non-expert meditator. There were some expectations that 
amplitude of alpha brainwave would be a lot higher than non-meditator’s meditation 
status, or that there would be some significant gamma brainwave difference as 
observed in the Tibetan monk’s case of study (O'Nualláin, 2009).    
 
 
          Figure. 22. Expert meditator’s brainwave during meditation (40 years experience) 
Expert meditator (40 years experience) started with Om mantra sound and this 
continued to resonate internally and spontaneously. The outcome of this research 
showed that brainwave signal amplitude of this participant was quite lower than a 
non-meditator (comparing to graph.2) and no gamma differences were found. The 
brainwave consistency was significantly stable. Only for 2 seconds did theta 
brainwave dominate during meditation. This was at the beginning when the 
participant had chanted a Mantram5. The expert meditator is over 60 years old, so 
there may be some relationship between age and brainwave signal. 
According to Austrian researcher Wolfgang Klimesch brainwave research (1999), 
from early childhood up to puberty alpha frequency increases, but the alpha 
frequency starts to decline with age. However, alpha brainwaves (red and green) are 
the most dominant brainwave during the whole meditation session. Even if the age 
affects the amplitude of alpha frequency, the difference between meditation and non-
meditation can be differentiated by the ratio between brainwaves. 
 
                                                
5 A mantram is a spiritual word, phrase, or brief prayer that we repeat silently to ourselves to calm the 
body, quiet the mind and improve concentration to restore the spirit (Borman, 2009). 	  
ASIC EEG 
power units 
Seconds 
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    Figure. 23. Interindividual differences in alpha frequency. Wolfgang Klimesch (1999) 
It would be useful to record meditators of similar age groups to investigate 
differences due to age. 
 
              Figure. 24. Meditator of thirteen years experience in meditation status 
In Figure 24, brainwave spiked (circle.1) at the beginning of meditation and stabilized 
soon. Some theta brainwave spiking was observed during the meditation as different 
from the expert’s. Theta brainwave spiking when recorded during the meditation is 
due to some kind of distraction. Unfortunately the interruption occurred during 
recording of the brainwave of meditation status. 
 
ASIC EEG 
power units 
Seconds 
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Figure. 25. Interruption happened during mediation (7 years experience meditator) 
This record was conducted on 13th April. Recording seemed normal until an 
interruption occurred. Theta brainwave increases rapidly from 232 frames, which is 
exact time that interruption happened. The brainwave never stabilised after that. To 
produce the best brainwave recording, the location needs to be quiet and without 
interruption. 
 
Meditation technique used for non-meditators 
Expert meditator (see Figure 22) suggested the simplest meditation for non-
meditators would be that of ‘counting the breath’, which is based on  
Zen Buddhism meditation. The technique involves focusing on the breath, counting 
from 1 to 10 during the exhalation, and when reaching 10, counting the exhalation 
back from 10 to 1. So we conducted recording brainwaves using the above Zen 
Buddhism meditation. 
Seconds 
ASIC EEG 
power units 
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     Figure. 26. Brainwave during counting numbers. (7 years experience meditator) 
 
Recording the brainwaves of 3 people practicing this technique, resulted in the first 
participant achieving a result that was far from the original meditation outcomes. The 
other two outcomes proved interesting. 
 
 
Figure. 27. Brainwave during counting numbers. (13 years experience meditator) 
      
Seconds 
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Figure. 28. Brainwave during counting numbers. (2 years experience meditator) 
 
In case of the meditator with 13 years experience meditator (Figure. 27), the counting 
method seems more efficient than actual meditation (see Figure. 24). Both the 
meditators with 2 years and 7 years experience recorded brainwave graphs which 
show the way of alternative meditation to their own (i.e. counting the breath) is quite 
convincing. The counting method (Zen meditation) has been chosen to apply for non-
meditators.  
 
Summary of preliminary study 
The preliminary study was conducted with four different levels of experience, (2 years, 
7 years, 13 years and 40 years). Most brainwave signals spiked with large amplitude 
in normal status (not doing meditation). When meditation began, the brainwave 
activity was stabilized and alpha brainwave was the most dominant brainwave in 
most of the frame. However, the amplitude of alpha brainwave was not as high as 
was expected, and gamma brainwave was not found. Interestingly, for the meditator 
of 40 years experience theta brainwave did not spike in the majority of frames when 
in meditation (Figure. 21), unlike the other meditators. When interruption 
(construction noise) occurred during mediation, the brainwave of meditator of 7 years 
experience returned to the chaotic state (all brainwave signals spike, especially theta 
brainwave) and it did not come back to the stabilized state (Figure. 25). Based on 
these results, it was decided that the User Study location needs to be quiet and 
uninterrupted.  The methodology was updated to reflect this requirement. This 
Seconds 
ASIC EEG 
power units 
41 	  
conclusion was made on observing that the theta brainwave occurs when there is 
internal or external interruption. This was to be verified in User Study 1.  
Results confirm that the Zen meditation technique is suitable for non-meditators. 
Throughout the study, the meditation skills of meditators and those recorded when 
practicing Zen meditation did not show a significant difference in the EEG graph. As 
a result, Zen meditation has been chosen to be used just with potential meditators.   
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User Study 1 
User Study 1 was conducted to formulate the rules of visualisation. To do that, 
brainwave data was gathered from meditators and non-meditators. The brainwave 
data have been analysed to identify the differences between the two groups. For 
understanding of meditation, participants’ internal experience during meditation was 
recorded by video and on the paper questionnaire.  
 
1. Meditation techniques 
Meditation techniques Number of participants Descriptions 
Participants 
ID 
Zen meditation 9 Count on breathe 
P4, P5, P6, P11, 
P12, P13, P15, 
P16, P17, P18 
Mantra based 
mediation 1 
Focus 3 sound mantra in mind, 3rd 
eye open P1 
Vipassana meditation 2 Observe the sensations in the body and try to stay equanimous mind 
 
P2, P9. 
Yoga based meditation 1 Focus on the surrounding space and sphere P3 
Vietnamese tradition 1 Breathing and walking P7 
Muragbah meditation 1 Thinking about the power of greater of the Universe and praying P8. 
Music meditation 1 Listening to chanting music P10 
*P1 to P18 is the user ID 
 
2. Meditation and normal (non-meditation) status 
(Y-axis: ASIC EEG power units and x-axis: seconds, higher quality graphs are 
attached in Appendix) 
 2.1 - non-meditator (P6) 
 
   
                 Figure. 29. Normal status                            Figure. 30. Meditation status 
                     (Appendix. p. 121)                                          (Appendix. p. 122) 
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 2.2 - 5 years experienced meditator (P2) 
 
 
                 Figure. 31. Normal status                                     Figure. 32. Meditation status 
                    (Appendix. p. 123)                                                     (Appendix. p. 124) 
2.3 – 13 years experienced meditator (P1) 
 
                Figure. 33.  Normal status                                      Figure. 34. Meditation status 
                   (Appendix. p. 125)                                                     (Appendix. p. 126) 
*Each lines description (the graphs below also apply) 
Colour Blue Red Green Purple Dark purple Yellow Grey 
Brainwave Theta Low alpha 
High 
alpha Low beta 
High 
beta 
Low 
gamma 
Mid 
gamma 
 
Overlapped brainwave patterns (theta brainwave and alpha brainwave) 
Amplitude of theta brainwave reduced when participants were meditating. In normal 
status, participants’ brainwaves were seen to be more active than during mediation 
status. The most dominant brainwave recorded each second when not meditating 
was mostly the theta brainwave. In meditation status, red (low alpha brainwave) and 
green (high alpha brainwave) are the most dominant brainwaves. 
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3. Brainwave differences in experiences 
                                                                                               
 
 
 
 
            Figure. 35. (P4)                            Figure. 36. (P5)                               Figure. 37. (P6) 
          (Appendix. p. 127)                       (Appendix. p. 128)                           (Appendix. p. 129) 
Non-meditators brainwave activities 
 
Graph.1 Participant couldn’t get into meditation status. At that time, a lot of 
interruptions were happened outside of the room (yelling, talking, jumping, etc.). 
Graph.2 Participant was in a meditation status before yellow vertical line 6(car moving 
and beeping sound outside) happened. Graph.2 participant reacted with his thought 
when distraction happened and could not get into meditation status.  
Graph.3 Participant was distracted over 9 times, however this participant’s brainwave 
was constant in meditation status. 
 
                                                                                               
 
 
 
 
       Figure. 38. 3 years (P3)              Figure. 39. 5 years (P2)              Figure. 40. 13 years (P1) 
        (Appendix. p. 130)                       (Appendix. p. 131)                        (Appendix. p. 132) 
 
Sustainability in experiences during meditation 
Graph.4 Participant (yoga based) had balanced low and high alpha brainwaves and 
theta brainwave appeared when distraction (yellow vertical line) happened.  
Graph.5 Participant’s (Vipassana meditation based) most dominant brainwave is high 
alpha brainwave (green). Graph 5 participant was more stable than graph 4 despite 
the occurrence of a distraction.  
Graph.6 Participant’s (Mantra based) most dominant brainwave is low alpha 
brainwave (red). More distraction occurred than graph 4 and 5, however the 
participant (graph 6) never got distracted, and also the alpha brainwave’s amplitudes 
are very high. After meditation session was completed, the participant (graph 6) was 
                                                6 Yellow vertical line: there were records of the frames when any interruption had occurred. 	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asked about the distraction and answered that it had been felt as vibration and did 
not affect the participant because the Mantra practice created a buffering barrier in 
the mind deflecting the distraction. It can be observed therefore that the more 
experienced meditator’s brainwaves were more stable than those less experienced.  
Also the ratio between peak level of alpha brainwave and peak level of theta 
brainwave recorded each second, differ according to the level of experiences. More 
experienced meditator’s ratio between alpha and theta waves is larger, inferring that 
meditation status is determined by the level of experience. 
 
4. Distraction and attention 
                                                                             
                                             
 
 
 
  
 
      
          reading book     reading book – lost interest         reading book but not          interested –talking  
                                                                                                  interested                         about holiday 
                         Figure. 41. (P4)                                                                     Figure. 42. (P6) 
                        (Appendix. p. 133)                                                      (Appendix. p. 134)   
Normal status (non-meditation) 
 
Both participants were reading the same book that is about meditation. Graph.1 
participant lost interest, and explained that they couldn’t focus on the book. Although 
the participant illustrated in graph.2 was reading the book, she was not really 
interested in it. On being asked whether she liked the book, she answered instead 
about her holiday plan, and the brainwave reacted accordingly. In normal status, total 
brainwave activities (amplitude) and interest are intensely connected. Both graph 1 
and 2 resemble the brainwaves in meditative status when participants do not have a 
focus. The difference is the most dominant brainwave in each frame, which shows 
less blue and more red or green.  
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        Figure. 43. (P5)                                  Figure. 44. (P3)                            Figure. 45. (P2) 
      (Appendix. p. 135)                             (Appendix. p. 136)                       (Appendix. p. 137) 
Meditation status 
When external distraction (especially noise) occurs, it is indicated on the graph as 
yellow vertical lines. An increase of theta brainwaves was observed. These 
observations would indicate that the theta brainwave is connected to attention and 
distraction levels in visualisation. When attention level increased in normal status or, 
distraction happened in meditation status, then the theta brainwave amplitude also 
increased over the grey horizontal line (150000 ASIC EEG power units, about 32.9 
micro volts). Typical amplitude of the basic human theta brainwave is higher than 30 
micro volts (Wojciech, 2014). 
 
5. Extra brainwave patterns 
 
 
 
 
 
 
 
 
 
 
 
                                       
 
Figure. 46. Walking meditation status (P7) 
(Appendix. p. 138) 
 
Vietnamese traditional meditation; is a walking meditation (focusing on breath while 
with walking slowly in a large circle). For the participant, the brainwave signals except 
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theta brainwave register the same as in the non-meditative status. There was huge 
amount of mid gamma brainwave (grey colour in the graph). Neuroscientist research 
found Tibetan Buddhist monks have increased levels of gamma waves as a result of 
their meditation practices. This evidence was documented by neuroscientist Sean 
O’Nuallain who hooked electrodes up to the brains of eight long-term Tibetan 
Buddhist monks (O'Nualláin, 2009). In normal status, gamma brainwave amplitude is 
typically around 3~5 micro volts or higher (Wojciech, 2014). The participant who was 
measured in Vietnamese walking meditation had maximum reading of around 100 
micro volts (450000 ASIC EEG power units). It is debatable as to whether the 
participant can really be equated with long-term Tibetan Buddhist monks. 
 
6. Rules of visualisation 
 
 
 
The key features of visualisation rules are distraction and sustainability. When any 
kind of distraction happens, it is noticeable from the theta brainwave spikes. With 
higher level of meditation experience, it was observed that there was less agitation 
from external distraction, and there is an additional element of sustainability. The 
sustainability is applied in order to enter the next stage of visualisation. When 
meditation status sustains more than two minutes without distraction, visualisation 
will go to the next step. In meditation status, to make a transition to a state of deeper 
meditation status requires one minute duration without distraction. If distraction 
happens in normal status, it takes a long time of transition to the next status. When 
distraction happens in the meditation status or deeper meditation status, it will go 
down to the previous status. The more experienced meditator takes less time to 
reach meditative status. The bigger ratio between alpha and theta brainwave was 
found from more experienced meditator. The ratio (alpha/theta) is applied to the 
element of accelerator to switch to the next status. 
 
In a deep meditation status, blue lines (theta brainwave) are lower than red (low 
alpha brainwave) or green (high alpha brainwave) lines. When any distraction (inner 
48 	  
or outer) or attention happened, theta brainwave increased at least 150000 ASIC 
EEG power units, about 32.9 microvolts. These data have been ruled as parameters 
in visualising pattern drawing. 
Brainwave status 
Theta BW amplitude 
(ASIC EEG power 
units) 
Mind status (interpreted) 
Theta brainwave > alpha brainwave Over 150000 Attention or distraction 
Theta brainwave > alpha brainwave Less than 150000 Relaxed and trying to meditate 
Theta brainwave < alpha brainwave Less than 150000 Meditation status 
Theta brainwave < alpha brainwave Over 150000 Interested and focusing 
 
 
 
Level 1 (normal status) 
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In the research, using the Neurosky headset to measure and register various 
brainwave activity, normal status is displayed as a fast chaotic spiral pattern. 
Coloured circles orbiting around the centre of the screen are displayed. Each circle 
represents a different brainwave registered in different colours  
Colours registered illustrating brainwave status are: - 
Blue: theta,  
Red: low alpha,  
Green: high alpha,  
Purple: low beta,  
Dark purple: high beta,  
Yellow: low gamma,  
Grey: mid gamma.  
The amplitude difference in 1 frame interval determines the size of each circle. The 
distance from the centre to the circle represents the amplitude of the brainwave. If 
there is a period of attention in normal status, theta brainwave, (150000 ASIC EEG 
power units), registers as blue circle spreading out from the centre. 
 
Level 2 (meditation status) 
If theta brainwave’s amplitude sustains under 150000 ASIC EEG power units which 
is considered as not to be distracted, 1 point will be added to the ‘meditation value’. A 
meditative status is defined in the research as practicing without any distraction for 2 
minutes. When accumulated ‘meditation value’ is greater than 120, whole pattern will 
transform into a Mandala pattern. The rotation speed will be 16 times slower than 
that of level 1. The size of mandala pattern is determined by the ratio between alpha 
and theta brainwave amplitude (alpha / theta). If the ratio exceeds 1.0, the size of the 
Mandala pattern will expand. Otherwise, it will contract. The main colour theme (red 
or green) is determined by whether the alpha brainwave status is low alpha status or 
high alpha status (low alpha: red colour theme, high alpha: green colour theme). 
In another study, it was found that Zen masters took a minute to enter the meditative 
state: alpha brainwave state (Kasamatsu & Hirai, 1966). Because expert meditators 
need shorter time to reach a meditative status than novices, meditative state 
acceleration was added in the Narcissus project to represent it. 
In the same condition (theta brainwave’s amplitude < 150000 ASIC EEG power units), 
if alpha brainwave’s amplitude exceeds theta’s, it will add extra 1 point to the 
‘meditation value’. When there is no distraction during meditation, it takes 1 minute to 
change the level. 
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If a distraction occurs, 10 points will be deducted from the ‘meditation value’. The 
visual image that will be used to register this is the division of the screen into 8 
pieces, which will break into particles and disperse the particles away. These 
calculations of values are made in the ‘Value calculator’. 
 
Level 3 (deeper meditation status) 
Sustainability value has been added to express deeper meditation status. When 
Mandala pattern remains without any distraction, 1 point will be added on the 
‘sustainability value’. If a distraction should occur, meditation value and sustainability 
value will be deducted by 10 points. When accumulated ‘sustainability value’ is 
greater than 60, a lotus image will appear in the centre of Mandala pattern. The time 
taken to reach the lotus level will be delayed by any distraction. Depending on the 
‘sustainability value’, the size of lotus will be determined. The Mandala pattern can be 
destroyed by distraction, causing the image to move back to normal brainwave level. 
 
Level 4 (Gamma status) 
If large amount of gamma brainwave is detected, the Eternal knot (Tibetan Buddhism 
symbol) will be drawn on the screen. This is a brainwave reading of over 50uV, max 
100uV. Level 4 is determined by the gamma brainwave amplitude, regardless of the 
current level. Depending on the sustainability of gamma brainwave status, the 
Eternal knot will be filled with colours. 
 
Inner experience during meditation 
Meditation skill 
(experience) 
Inner experience 
Vipassana meditation 
(Approx. 30 years) 
Travel through the body. She felt her brain was turned off for an hour. During 
meditation, her most successful experience was when she experienced one 
hour to a minute of peace. Her body relaxed and heart rate down 
Muragbah 
(17-18 years) 
Think about the power of the Greater of the Universe. 
Consciously thinking about the universe, galaxy, planets, beauty of nature, 
event of kindness & love and trying to request to creator for health, well-
being. Minimize the ego and let the wish of god take control the thought and 
action. 
Mantra based 
Meditation 
(13 years) 
Loud sound at initiation. All 3 sound mantra must be heard. This is allowed to 
slow and become quieter as it will. Each repetition is allowed to use sound, 
and then the space between the repetitions is consciously aware-able. The 
mantra sound gradually fades. By then, the focus should be internal. Focus to 
the 3rd eye chakra. Feels like the 3rd eye open (dark – brighter). Once it stays 
open, the colour appears (Krishana blue). The colour is not constant. If the 
blue stays, get a bright shining circular light in the centre. It comes and goes 
with the focus. Attracted to the white light. The participant was aware of the 
sound but not identified. 
 She didn’t feel like 10 minutes, felt like 4~5 minutes. She felt awareness of 
outer sounds but calm. She was falling herself to ‘feel’ - to connect with a 
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Zen meditation 
(on/off 10 years) 
‘loving’ memory and relaxation. She lost track of counting 
Vipassana meditation 
(5years) 
The first minutes observe the breath (inhale and exhale). Then sit down and 
just observe the sensations in the body trying to stay equanimeous.  
A bit disturbed at first because the room was too bright with artificial light, but 
the participant started to calm down. She started by bringing her attention to 
her breathing and it was kind of deep which surprised her. She said she could 
not concentrate 100% in the first time visited place. After a while, she went to 
check the sensations in her body, being the top of her head the part with the 
strangest sensations like some pressure. At the end of the session, she felt 
she was synchronized with her breathing. 
Yoga based 
(3 years) 
Starting to learn how to turn inner focus on appropriately. Focusing on his 
surrounding space and being open more in tune. He usually focuses on a 
sphere and in this session it was easier to visualize and link up on his left 
upper side. Then trying to see it around his personal space. 
Zen meditation 
(2 years) 
She sit down on the floor as usual, it made her feel more comfortable. 
Distractions were challenging, but she tried to keep focused on the breath. 
Vietnamese traditional 
(1 year) 
He felt calmer after the meditation. At start, random thought appears 
frequently, but after few minutes, random thought appears less. Some 
patterns floating in and out increasing and decreasing the size in meditation. 
Music meditation 
(1 year) 
Peace and focusing and get rid of other thought. Feel emotions strongly. 
Tried to let things go away. Light comes and goes, but cannot be caught.  
No specific skills – Zen 
meditation  
She felt at points like she was doing well at meditating, but would only stay 
there for a few seconds before coming back to reality a bit more. She lost her 
count of numbers a few times. 
No specific skills – Zen 
meditation  
Very relaxed, sleepy. He was falling asleep often as he had lack of sleeps. 
But very calm and relaxed state. Not too many thoughts. It was hard to 
concentrate on counting breath because he was so sleepy. His back and 
neck started to ache. 
No specific skills – Zen 
meditation  
She felt relaxed. But very aware of her breathing, posture and counting. She 
visualized numbers to count her breath. She was aware / more aware of her 
body. It was enjoyable to stop thinking and meditate for a short period of time 
with no distractions. 
No specific skills – Zen 
meditation  
He felt he was able to focus at 70-80% capacity for the first 6-7 minutes. The 
first 3 minutes was distracted and unable to focus at a reasonable level. At 
the end of the 5-6 minutes where he felt the meditation was having an effect. 
He felt that his body and head were moving in opposite circular motions (even 
though he was aware he was sitting and not moving, e.g. levitating). 
No specific skills – Zen 
meditation  
Initially she was struggling to keep an empty mind due to exam stress, but 
toward the end she felt a lot calmer and relaxed. She could hear nothing, but 
her deep breathing and she felt her thought about the exam slowly 
disappearing until it feels a lot emptier. Her heart rate slowed to a steady beat 
and her concentration is on each breath state. 
No specific skills – Zen 
meditation  
At first, she tried to block out sounds from outside and she guessed that had 
taken 2 minutes. Then she tried to concentrate on her breath for probably 4 
minutes, but she was still trying to block outside noise. The rest of the time, 
she spent calmly thinking. She has done meditation before where they 
suggest allowing thought to float away like clouds, but this time she couldn’t 
let go of her thought as easily. But she did not stress about because the 
moment was challenging and stressing would be the opposite of meditation. 
So it would be less helpful than getting rid of thought. 
No specific skills – Zen 
meditation  
Meditating was relaxing. A couple of times, he found himself wondering how 
long it had been and some noises around the room did distract him a little.  
 
Participants were relaxed and had an experience of quietening of thoughts after the 
meditation. The meditators who have less experience were more sensitive to 
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distraction. When participants felt they were successful in meditation status, they had 
similar experiences to the subtle body in yogic theory. Experience of the ego and self 
becomes less and the meditation process produces a sense of tranquility and peace.  
 
There were 3 main types of inner experience reported during meditation: awareness 
of the body, attentional focus and experience of time alteration.  
1. Awareness of the body 
The first experience was a total awareness of their body and the ability to travel 
through the physical body in their mind, and to connect with the subtle body. In 
particular the 3rd eye (the eyebrow Chakra, or energy centre), this energy centre 
relates to the Pineal gland which responds to light like the physical eyes. The light 
registered at this point in meditation cannot be seen in the physical world. It is an 
effect of deep meditative practice.  
 
2. Attentional focus 
The second experience was when the participant focused on a specific meditation 
technique. The participant who focused on the repeated sound of mantra reached a 
level of consciousness where the focus on the sound led her to a state of awareness 
which lasted when the sound faded. The meditator reached the subtle level of 
consciousness.  
Another participant focused on the surrounding space with the aim of attuning himself 
to awareness beyond the body. 
 
3. Experience of time alteration  
The third type of experience recorded in the research was an alteration in the 
experience of time. One participant perceived the time in meditation status as actual 
time. But generally participants could not perceive the lapse of time during meditation. 
The meditation session was 10 minutes, but one participant reported it felt like 4~5 
minutes. Another participant felt her brain had been turned off for an hour. 
 
It was found in the study that meditation enabled participants to become more self-
aware of the physical body, and in some cases, to experience a connection with their 
subtle body. Each person had a different inner experience in the meditation process, 
which was not necessarily reflected in the brainwave data recordings. However some 
of the insights from participants’ descriptions of their inner experience were 
translated into rules for the dynamic behavior of the visualisation. 
 
53 	  
By reducing the rotation speed in the visualisation using a Mandala pattern, the idea 
is to express that the mind becomes calm and relaxed during meditation. The entire 
pattern has been set to break into particles when any distraction occurs in meditation 
status, mimicking the practice by Tibetan monks of destroying Mandala patterns. A 
lotus appears in the middle of the visualisation when meditation is sustained without 
distraction. This lotus state expresses a deep meditation status. When participants 
viewed the lotus state, two participants (P9, P13) felt they were slightly hypnotized. 
The mandala pattern is used to express a meditation state. Although there was no 
description of the pattern, the reaction of the participants after observing the 
visualised patterns had similar experiences (hypnosis and mesmerism) to that of 
Buddhist meditation. As a result, the Mandala pattern employed in the visualisation 
seemed to deliver the Buddhist meaning.  
 
Neither causal body in yogic body theory nor dark consciousness in Eastern body 
mind theory was reported by any of participants. Some reported experiencing a 
smaller ego or self, however nobody reported that their ego had dissolved or that 
they had lost the distinction between body and mind.  
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Design Process 
This section describes and documents the series of design experiments and 
prototypes that contributed to the evolution of the final digital artwork. 
  
The amplitudes of each brainwave are displayed as a distance from the centre. Each 
colour represents each level of brainwave amplitude in the Mandala (blue: theta, red: 
low alpha, green: high alpha, purple: low beta, dark purple: high beta, yellow: low 
gamma, grey: mid gamma brainwave). The maximum number of coloured brainwave 
circles has been set at 100. Coloured circles are orbiting around the centre. Theta 
brainwave gradually disappears to reappear in blue on the screen and it does not 
rotate.  
 
Test version of a rotating speed change.  
The first idea in the research was to change the rotation speed of the pattern 
indicating meditation status. The circles’ movements appear in the image with trails, 
so if it rotates very fast, whole display will be seen as big circles. It was changed to 
the opposite way after the Preliminary study (Most brainwaves seemed spiking in 
normal status and settling down in meditation status). 
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The number of coloured circles designated brainwaves, which are measured in real 
time. The size of each circle represents the difference between current amplitude and 
amplitude shown one frame before.  
 
  
It was decided to create the effect of circles moving in and out gently, depending on 
the amplitude of brainwaves, rather than having them just appear on the screen. All 
circles orbit around the centre slowly. 
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The second test version of a rotating speed change. 
  
Theta brainwave effect is depicted spreading out from the centre. It appears when 
EEG sensor receives over the certain amplitude of theta brainwave.  
  
Mandala pattern is applied to the visualisation when a meditation state is attained. 
The Tibetan Buddhism mandala pattern has been reinterpreted through this to digital 
format. When theta brainwave appears in this status, the Mandala breaks into 8 
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divisions from the centre and expands outward – this symbolises the dissolution of 
the Tibetan sand Mandala at completion. 
 
  
Eternal knot appears when gamma brainwave’s amplitude exceeds certain level. 
Eternal knot is one of the “Eight Auspicious Symbols” of Buddhism as used in 
Tibetan Buddhism iconography to represent the omniscient awakened wisdom of the 
Buddha. Significant amount of gamma brainwave was found when measuring 
Tibetan monk’s meditation. The gamma brainwave is known to appear at the moment 
of spiritual awakening. Thus for this project, the Eternal knot is used to represent this 
state. If the gamma status stays over 3 seconds, the Eternal knot will become 
coloured, with the colours moving on the path of the knot.   
 
  
Basic Mandala pattern as utilised in project 
Traditionally, Mandalas are circular diagrams enclosing a square, which are used to 
‘support of an act of spiritual concentration’ (Stutley, 1977). Red colour outer circles 
represent low alpha brainwave status. Green circles represent high alpha brainwave 
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status. The whole pattern size is determined by the ratio between alpha brainwave 
and theta brainwave. If the alpha was registered as higher than the theta, the whole 
pattern would be expanded. The rest of brainwaves (excludes alpha and theta; low 
beta, high beta, mid gamma, etc.) are described as circles inside the square and the 
size of circle indicates the amplitude of brainwave corresponding to the colour.  
 
The change of rotation speed is applied when the status changes.  During normal 
waking state, complex brainwave activity was observed. This activity was illustrated 
in the design by circles moving at a fast pace. When brainwave changes into 
meditative status, the movement of all elements slows down to reflect the calm state 
of the mind in meditation. One more square has been added to rotate at different 
speeds from the current square for more dynamic visuals. 
  
Test version for applying lotus. 
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Lotus has been added to illustrate the attaining of a deeper status of mediation. At 
this moment, the colour of lotus is static. The size of the lotus changes in proportion 
to the time in which this deeper status is retained. 
  
Intro image has been added. The colour of lotus changes depending on the level of 
brainwave amplitude attained in each frame. The colour appears followed by a 
gradient colour from the highest brainwave to the lowest.  
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Several numbers of images have been added to the intro. 8 circles between the outer 
red (low alpha brainwave status) or green (high alpha brainwave status) circles were 
added to create a more circular image.  
 
  
Most recently added circles represent the yellow and sky blue colours in the Buddhist 
Mandalas. 
 
  
Outer circle colours change in time 
The ratio between alpha and theta determines the radius of outer circles’ orbiting. 
And the amplitude difference in a frame determines the size of the outer circles.  
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Door of Meditation 
This visual has been added to illustrate the relaxed state learned during the User 
Study 2. The noise effect will appear as the brainwave pattern eases closer to the 
meditative state and it slowly changes into Mandala pattern. Even in the meditative 
state, if attention level increases (not exceed 32uV which is treated as distraction in 
meditation) over meditation level, DOM noise would appear. 
 
 
This was added in place of the software intro images. Brainwave visualisation will be 
saved as images every 4 seconds, if system confirms audience wearing the EEG 
sensor. Each image has a time record on the top left. It was designed for audience 
feedback on their brainwave after meditation. At first I tried to replay the video taken 
during meditation, but it was replaced by images because of heavy computer 
hardware process in video creation. 
  
62 	  
User Study 2  
In the second study, participants were asked to evaluate sets of brainwave 
visualisation patterns, generated by the custom software system. They were asked to 
analyse how well the visualisation images enabled them to differentiate between 
trained meditators and non-meditators. They were also asked to contribute their 
brainwave recordings following the same protocol as for the first study. The analysis 
of their brainwave recordings was added to the pool of data for the previous User 
Study 1, resulting in a total of 28 participants. Remarkable features were not found 
from the added brainwave graphs (Appendix, p.144 – p.150), however it made the 
result of User Study 1 more reliable. 
 
1. Familiarity to interactive visualisation 
  
Out of 11 participants, 4 have never experienced interactive visualisation, and 7 have. 
 
2. Evaluation questions 
- Recorded visualisations of meditators were viewed by each participant which they 
judged as they watched each display (initial judgement). They judged again when 
they watched all 3 displays (final judgement). Different orders of display sequence 
were applied to each participant for avoiding anchoring bias (ex. Participant 1: DS1-
DS2-DS3, Participant 2: DS2-DS1-DS3, Participant 3: DS3-DS2-DS1).  
 
Initial judgement 
 
0	  
1	  
2	  
3	  
4	  
5	  
Very	  familiar	   A	  li2le	  familiar	   Not	  at	  all	  
Familiarity	  
Number	  
0	  
2	  
4	  
6	  
8	  
DS1	   DS2	   DS3	  
Non-­‐meditator	  
Medium	  meditator	  
Expert	  meditator	  
No	  answer	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*DS1: non-meditators recorded visualisation, DS2: Medium meditator (2 years experienced), 
DS3: Expert meditator (40 years experienced). 
 
 
Final judgement 
 
*DS1: non-meditators recorded visualisation, DS2: Medium meditator (2 years experienced), 
DS3: Expert meditator (40 years experienced). 
 
URLs for each display 
DS1: https://youtu.be/UTHL7tv0jOM 
DS2: https://youtu.be/g3VWnozVoAg 
DS3: https://youtu.be/T1HcR6MUZPk 
 
Actual visualisation displays of brainwave activity were recorded whilst meditating 
with non-meditator, 2 years meditation experience (medium expert meditator) and 40 
years meditation experience (expert meditator). 
(DS1: non-meditator, DS2: medium expert meditator, DS3: expert meditator) 
Results of the research revealed that the final judgement of the randomly picked 
visualisations was more accurate than the initial judgements. After viewing all the 
visualisations, participants were asked to make an initial judgement of the third 
display. Some of the participant could not judge the third one. Participants tried to link 
the pattern changes and the meaning of changes by logical thinking. Some had 
difficulty making a decision.  
Ten out of eleven participants changed their final judgement, all except one 
participant. The logic in the patterns was the reason. Some of the answers they gave 
were, “blue interrupts meditation”, “more erratic level, less meditative status and less 
erratic level, deeper meditative status”, “slower movement speed and balanced 
colours in meditation”.  
 
0	  
2	  
4	  
6	  
8	  
10	  
DS1	   DS2	   DS3	  
Non-­‐meditator	  
Medium	  meditator	  
Expert	  meditator	  
No	  answer	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5/11	  
9/11	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0%	  
10%	  
20%	  
30%	  
40%	  
50%	  
60%	  
70%	  
80%	  
90%	  
MeditaIon-­‐like	  eﬀect	  
DS1	  
DS2	  
DS3	  
0	  
2	  
4	  
6	  
8	  
10	  
EmoIonal,	  felt	  
response	  
DS1	  
DS2	  
DS3	  
Evaluation questions for each display 
Meditation-like effect: Meditative effect questioned after viewed each display 
Emotional, felt response: Questioned with scaled boxes measuring 1 to 10 (1: weak - 
10: strong) 
          
  
 
*Meditation effect – percentage of positive answers.  
*Emotional, felt response – min 1 to max 10 pts. 
Meaning of each display  
 Participant descriptions 
DS1 State changed a lot (P12), energy of dance (P15), brain kept thinking (P16) 
DS2 
Calm (P6, P9, P15, P16), controlled thought (P6), beautiful patterns (P6), relaxed 
and quietness (P15), calming effect (P13), more relaxed (P14), steady (P1), slow 
(P1), visually lonely (P1) 
DS3 
“It was a profound experience…” (P9), no distractions (P11), high stimulative 
effects (P11), meditative and no thoughts (P12), very calming (P14), beautiful 
and relaxed (P14), mesmerizing (P1), confused- very different to other 2 videos 
(P6), more excitement and interest (P13), calmness (P15) 
Participants had more meditation-like effect and recorded higher points of emotional, 
felt response when they viewed the more experienced meditator’s visualisation. 
Participants also described more in the DS3 and DS2 than DS1. 
 
3. Key elements 
3.1 Image 1 (Actual meaning – normal status) 
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Feeling: Interrupted (P9), distracting (P11, 
P14), alert (P12), intrusive (P1), agitated 
state (P15), active (P6, P18) 
 
  
 
 
 
 
Meaning: Thinking mind (P9, P18), 
active mind (P12), attempting to 
meditate but distracted (P11), beginning 
of meditative status (P13), not 
meditating (P14), not focused (P6) 
 
 
 
 
 
- Participants felt the status is interrupted, distracted, alert, intrusive and agitated. 
The meanings of image 1 that participants deduced are mostly ‘not meditative status’ 
and there were only two participants that did not answer. 
 
3.2 Image 2 (Actual meaning- meditation status) 
   
8,	  73%	  
3,	  27%	  
Feeling	  
NegaIve	   None	  
8,	  73%	  
2,	  18%	  
1,	  9%	  
Meaning	  
Not	  meditaIve	  
No	  answer	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Feeling: Calm (P9, P18), calm but a little 
anxious cause of red colour (P11), slowing 
down (P14), restful (P1), harmony (P15), 
busy (P12), attractive and formed pattern 
(P6), excitement (P13), powerful (P16) 
 
 
 
 
 
 
Meaning: Quieter mind (P9), meditation (P16), 
high level of meditation (P11), state of 
relaxation (P14), meditate (P6), Christmas light 
(P15), semi-meditative state (P18) 
 
 
 
 
 
- Image 2 was described as meditative status and participants felt calm, restful and 
harmony. There were two negative feelings like busy, excitement and also someone 
felt a little anxious because of the red colour in the outer circle. 55% of participants 
(6/11) answered clearly that image 2 is someone’s meditation mind. 
 
 
3.3 Image 3 (Deeper meditation status) 
 
6,	  55%	  
1,	  9%	  
1,	  9%	  
1,	  9%	  
1,	  9%	  
1,	  9%	  
Feeling	  
Calm	   Busy	   Excitement	  
A2racIve	   Powerful	   None	  
6,	  55%	  4,	  36%	  
1,	  9%	  
Meaning	  
MeditaIon/relaxaIon	  
No	  answer	  
Christmas	  light	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Feeling: Calmer (P6, P9), slower than 
others (P6, P12), slightly hypnotized (P9, 
P13), very at ease (P11), calm (P1, P12, 
P13), stillness of mind (P14), clean and 
symmetry (P15), stable (P18) 
 
 
 
 
 
 
 
Meaning: High meditative state (P9, P11, 
P12, P14, P16), calm state (P6), stable 
meditative status (P18), wisdom (P15) 
 
 
 
- All participants had very similar feelings to 
each other on viewing this – they described the feelings as - calm, calmer, 
hypnotized and clean. This was 64% (more than image 2). Seven out of 11 
participants correctly deduced that image 3 is high meditative state. Two participants 
felt and described that the speed of the rotating outer circle had been reduced in 
image 3 when compared with image 2. In fact, the actual speed of both image 2 and 
3 are exactly the same. The difference between the two images is a lotus growing in 
the centre of image 3. 
 
This perceived slowing down of the rotating outer circle could possibly be explained 
by the following theory of selective attention. DeWitt and Hebert (1958) provided two 
definitions of selective attention. First, selective attention to a particular part of a 
stimulus reflects a deliberate ignoring of the remainder, which is perceived as being 
irrelevant to the subject’s goal and motives (DeWitt & Herbert, 1958). 
This leads to the assumption that when lotus appeared, two participants (P6, P12) 
who felt a slowing of the outer circles’ movement, focused on what was changing in 
the centre. They could not actually discriminate about the outer circles’ movement.  
8,	  73%	  
1,	  9%	  
2,	  18%	  
Feeling	  
Calm	   Clean	   None	  
7,	  64%	  3,	  27%	  
1,	  9%	  
Meaning	  
High	  meditaIve	  state	  
No	  answer	  
Wisdom	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Second, selective attention is a learned response stemming from some past history 
of reinforcement (DeWitt & Herbert, 1958). 
The two participants (P6, P12) had already experienced the whole pattern’s 
movement becoming slower when the status changed from normal to meditative 
status. The participants might perceive the pattern’s movement slowing down in 
image 3 as they had previously experienced this in viewing image 2. 
 
3.4 Image 4 (Distracted moment from meditation) 
   
 
 
 
Feeling: Disturbed (P9), chaotic (P11), the 
suddenness and a sense of loss (P13), total 
distraction (P14), fireworks (P6, P12, P16), 
dramatic (P1), energy expansion (P15), 
accelerating (P18) 
 
 
 
 
Meaning: Thinking mind (P9), non-
meditative status (P11), mind not focused 
(P14), distracted (P6, P16), loss, 
expression outward (P12), sharing- 
explosion of feelings (P15), sudden 
connect and loss of blue colour (P13) 
expansiveness (P16), waking up from 
meditation (P18) 
 
 
4,	  
36%	  6,	  
55%	  
1,	  9%	  
Feeling	  
NegaIve	   Other	  opinions	   None	  
7,	  64%	  1,	  9%	  
3,	  27%	  
Meaning	  
Non-­‐meditaIve	  status	  
No	  answer	  
Other	  opinion	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- When distraction level increased, whole pattern elements would gather into the 
centre. They would be sliced into 8 pieces from the centre, break into particles and 
spread out through the image. Four participants answered that was a negative 
moment and they felt it was a ‘non-meditative status’, ‘mind not focused or distracted’. 
There were 6 answers not related to meditation such as fireworks and energy 
expansion. 
 
3.5 Image 5 (Eternal knot – symbol of Tibetan monk) 
   
 
 
 
Feeling: Astonished (P9), pleasing pattern 
(P11), altered state of meditator (P14), 
fascinating (P1, P6), opening (P12), road 
travelling and techno room (P15), breaks up 
the circles (P16), active but stable (18) 
 
 
 
Meaning: An altered state of consciousness 
above ordinary (P9, P14, P15, P16), another 
layer of thought (P6), broadening moment of a 
person (12), controlled mental activity (18) 
 
 
 
 
 
- Image 5 has not been recorded as DS series. All participants saw image 5 for the 
first time in this project. Drawing the ‘eternal knot’ has been programmed to appear if 
there is a significant level of gamma brainwave detected (large level of gamma 
6,	  
55%	  
2,	  18%	  
3,	  
27%	  
Feeling	  
PosiIve	   No	  answer	  
Other	  opinion	  
5,	  46%	  
5,	  45%	  
1,	  9%	  
Meaning	  
Another	  level	   Not	  sure	   Other	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brainwave has been found from Tibetan monk’s practice). Six out of 11 participants’ 
answers were positive and some of them thought it is an altered state of 
consciousness above the ordinary or another layer of thought. 
 
4. Discernibility of pattern visualisation between non-meditators and 
meditators (Appendix Questionnaire #2 p.122 question 4) 
Question was asked whether the participants could attribute certain patterns to 
meditators or non-meditators. 
  
Yes: 64% (7/11) 
 - Description: Logical thinking (they experienced pattern changes and they used 
logical deduction based on their own experience in the User Study), constancy and 
slower change, size pattern and colour 
No: 36% (4/11) 
 - Description: “Not sure, still guessing”. “Not sure, but non-meditative status changes 
patterns and colours a lot and meditation status has slower and steady patterns”. 
 
The majority of participants (7/11) could actually distinguish between non-meditator 
and experienced meditator with their logical thinking (2nd question). Even if they 
noticed the differences in the 3 displays, 4 out of 11 participants felt uncertain as to 
how to categorise the 3 levels of meditative state. 
 
5. Importance of each property (MIN=1, MAX=5) 
 
Each property in Narcissus Brainwave is described as follows for participants:  
 
Geometry - is the structure using the movement of the left and right symmetrical 
circles. 
0	  
1	  
2	  
3	  
4	  
5	  
Geometry	  
Colour	  theme	  
Colour	  change	  
Scale-­‐	  expansion	  
Scale-­‐	  contracIon	  
The	  rate	  of	  change	  
ComposiIon	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Colour theme - is set to distinguish each type of brainwave - (red: low alpha, green: 
high alpha, blue: theta, etc.). Participants can recognize what brainwave status is 
operational with the rotational radius size of each colour. The Mandala pattern is fully 
set with colour theme of each brainwave. In the Mandala pattern, colours of eight 
circles between the outer red brainwave status, and the centre, change depending on 
the highest amplitude brainwave and the lowest amplitude brainwave in the rest of 
the visualisation (high beta, low beta, mid gamma, etc., which excludes alpha and 
theta). The lotus is shown to depict the gradient from the highest to the lowest 
amplitude. 
Scale - either expansion or contraction are important properties in visualised patterns. 
The scale is calculated as attention level goes higher than meditation level (theta 
brainwave does not exceed to certain level of daily thought – 32 micro volts and the 
amplitude of theta is higher than both alpha brainwaves). The visual pattern would be 
contracted and expanded for monitoring status changes in meditation. Even if 
participant did not have any distraction during meditation, there might be a loss of 
meditation control, and then the contraction would appear. It will be viewed by the 
participant after meditation as a feedback. 
The rate of change - is the time required to reach the different levels of meditation. 
As has been shown, a well-trained meditator takes less time to reach the level of 
meditation. This is interpreted where the rate of change is the most important 
property.  
Composition - refers to a graphic visual depiction of the related parts of the 
visualisation. The average value of composition shows quite high as a result of 3.9. 
(The bars in the graph is set to red from the value 4.0) 
Speed - is the speed of movement of the moving shapes and lines in the display. 
Actually speed was applied as a key element to describe status change from normal 
to meditation. The average value of speed is 3.72, which is significantly low 
comparing with ‘the rate of change’.  
 
Participants perceived scale, colour and the rate of change as the most important 
variables to differentiate visualised patterns representing the different levels of 
meditative state. They knew the size of outer circles represented the relation 
between attention and meditation level. Expansion represents deeper meditative 
status and lower level of attention which is considered as a positive status in terms of 
meditation. Contraction means opposite to expansion. As a variable, both expansion 
and contraction are the same criteria used to describe two opposite statuses. Most 
participants made a slightly bigger point to expansion. 
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6. Improvements 
Meditation and attention level  
 
                                                                                                               
                                                   Door of meditation 
 
Stages Attention and meditation level Interpretation 
 Attention > meditation Theta brainwave > 32uV 
Normal status 
Attention or distraction (in any moments, if 
theta amplitude > 32uV) 
 Attention >= meditation Theta brainwave < 32uV 
Attempting to meditate, relaxed, not 
particularly interested in anything 
 Meditation > attention Theta brainwave < 32uV Meditation status 
 Meditation > attention Ability to not get distracted Deep meditation status 
 
In the user study 2, there was a difficulty to discern between  and , because the 
difference was only the size of whole pattern. If the size was slightly different, it was 
hard to distinguish between 2 meditation levels (stage 2 and 3). Accordingly, stage 2 
needs to be differentiated from stages 3 and 4 as the door of meditation. 
         
          Complex outer circle                                               Settled outer circle 
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In Door of Meditation (DOM) status, there is no distraction, but attention level is 
higher than or equal to meditation level. Outer circles in Mandala pattern would be 
morphed into a circle with noise. And as the meditation level increased, noise on the 
outer circle would be settled down into solid round lines. 
  
          Meditation status (eyes closed)              After meditation (watching her visualisation) 
 
Normally when participants opened their eyes after meditation, the Mandala pattern 
would be broken into particles. Several numbers of participants did not break the 
mandala patterns. Their statuses were quite relaxed and they did not have any high 
attention or distractions. Even if there was no distraction, outer Mandala circles 
shrank down to minimum size. This is interpreted as the meditation level decreased 
to less than attention level (size is determined by the ratio between meditation level 
and attention level: meditation value divided by attention value). With this result, one 
more variable was added in the code to measure how relaxed people are. 
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Relaxed status added in this diagram. Relaxed status would be determined with ratio 
between attention and meditation level. If someone loses the focus by even a little bit 
of disturbances, it will be described as relaxed status.    
 
Merged Eastern body-mind theories with DOM (Door of Meditation) 
 
Gross body in Yogic theory is treated as a normal status or the prelude of meditation 
in Narcissus Brainwave. When we start meditation, we are able to experience the 
subtle body. The subtle body is treated as meditation status in Narcissus Brainwave. 
Only in the state of deep meditation through training could one experience the causal 
body.  
Shallow meditation status caused by failing to concentrate during the meditation or a 
relaxed moment is illustrated with dashes between gross and subtle body and is 
called the Door of Meditation. The Door of Meditation illustrates how in meditation, 
any noise value will be reduced and the pattern will appear settled.  
Both bodies in Yogic theory, gross and subtle are experienced through 
consciousness and awareness of the self. It is through consciousness that mind and 
body are distinguished. The Ultimate body, transcendent, and the divine body are 
neither body nor mind; they are the highest forms in which the causal body may be 
expressed and occasionally experienced in Yogic theory (Devananda, 2011, p. 16). 
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In Buddhist philosophy, the continued practice of meditation and following of the 
Buddhist precepts also leads to this same experience. The attainment of wisdom is 
the outcome of both paths. Causal body can be accomplished through inner 
meditation and training for seeking wisdom for a long time.(Yuasa, 1987, p.223). 
Here is the link between causal body and dark consciousness. Through Buddhist 
cultivation including precepts and meditation, self-consciousness can be dissolved 
and this produces an indeterminate form of body and mind. In this stage, body 
governs the mind. The moment with separated body-mind or united body-mind or 
existence or non-existence cannot be defined which is causal body and dark 
consciousness. When we can no longer distinguish between all these four different 
things, then we achieve causal body and dark consciousness. Although the 
distinction is ambiguous, these two theories have similar goals (of attaining wisdom) 
and express in a similar way. 
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Transition diagram (model 2) 
 
In the value calculator, a ’relax switch’ is added. Relax switch determines whether the 
DOM pattern or previous pattern would be created. The decision is determined by the 
ratio between alpha and theta brainwave, assuming theta is not greater than 150000 
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ASIC EEG power units (Over 150000 theta amplitude is counted as a distraction – 
See section Distraction and Attention, P. 44).   
 
Door of Meditation 
In the research project, Narcissus Brainwave, the status, Door of Meditation is 
considered as a relaxed and calm brainwave measurement with participants having 
no inner or outer distraction. It can be described as a doorway into the meditative 
state. Meditation level predominates over attention level, but will change into the 
meditation status (alpha brainwave’s amplitude exceed theta’s amplitude). Research 
shows that alpha brainwaves decrease when participants opened their eyes and 
remained calm (Teplan, 2002, p. 3). Even if their alpha brainwave decreased, theta 
brainwave did not exceed 32uV (Distraction and Attention, p. 46). The visualisation 
recorded during this status stayed with Mandala pattern, which was not broken. It 
held the minimum size of Mandala pattern. 
In the research of progressive relaxation and meditation, researchers found the 
heart-rate decelerations in meditation (relaxation: 0.62, meditation: 2.37, normal: 0.38 
bpm – mean deceleration) (Lehrer, 1983). However, they found no significant 
differences between groups (normal, relaxation, meditation) in frontal or occipital 
integrated alpha (Lehrer, 1983). In other research, the literature on Transcendental 
Meditation documents a physiological state of deep relaxation characterised by 
lowered autonomic nervous system arousal and by a relative deactivation of the EEG 
resulting typically in a shift to the higher voltage, slower frequencies of alpha and 
theta (Tassi and Alain, 2001). 
Door of meditation status has lower voltage of alpha brainwave than meditation 
status without distraction. The heart-rate slows down a bit in door of meditation and a 
lot in meditation status. In Narcissus Brainwave, this status is considered as a door to 
the meditation status. When meditator opens the door of meditation (meditation level 
exceeds attention level), this stage will be changed to meditation stage. 
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Code change – blue colour 
 
In the Mandala pattern, there are colour changings between red circles, and in 
certain frames several circles were blue. Participants interpreted the blue colour as 
distractions because of the breaking apart effect it caused in the Mandala pattern. 
The colour code has been changed to eliminate the blue (In RGB colour code to 
avoid this misinterpretation, blue values goes from 0 to 125 and never exceed 
another red or green values). 
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Discussion 
Evaluating the Meditation Model 
The model evolved through a careful process of interactive development with 
participants, where common brainwave changes and phenomenon in different states 
of consciousness were identified. The first meditation model was created through 
User Study 1. The rules of the model were focused on ‘sustainability’ and ‘distraction’. 
When the rules were applied to the actual design, the settled brainwave status in 
meditation was expressed by reducing the rotational speed of the whole pattern. 
After participants viewed the pattern applied to the rules, the participants reported 
that they felt as relaxed and as calm as they felt during meditation. Participants were 
sensitive to external stimuli such as noise if it occurred during meditation. This was 
applied to the ‘distraction’ effect and it was interpreted as a negative moment and not 
in the meditative state. Through the discovery of the brainwaves becoming calm in 
the state where there was no distraction right after the meditation, this was 
considered as a relaxed state (Door of Meditation), which is not in meditation state. 
However, this state is described as the door to enter the meditation and it was added 
to the meditation model. Before the addition of the DOM, participants could easily 
create the Mandala patterns during meditation if they stayed calm and relaxed with 
low amplitude of brainwaves. After the Door of Meditation was added to the 
meditation model, it is not as easy to create mandala patterns as before, which 
represents entering a state of meditation.  
In the User Study 2, the majority of participants (7 out of 11) were able to discern 
patterns of meditators and non-meditators. Participants reported that they tried to link 
the pattern changes and the meaning of changes by logical thinking. The result 
demonstrates that the evaluated meditation model is working. 
 
Attention vs. Meditation 
In psychology and cognitive / neuroscience, ‘attention’ is a polar opposite concept to 
‘distraction’. Both psychology and neuroscience use the definition of attention, which 
was first defined by James (1890). Attention is defined as the focusing on one thing 
while ignoring other things happening at the same time. Neurosky Mindwave 
provides value called ‘eSense Attention’. It is a scaled value that ranges from 0 to 
100. The eSense Attention indicates the intensity of a user’s level of mental ‘focus’ or 
‘attention’ during intense concentration and directed (but stable) mental activity. In 
the Neurosky research, the formula of attention is not available (confidential to 
Neurosky) and the values of this research were found not to be reliable. EEG 
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interpretation of the attention was utilized by raw data through User Studies. In User 
Study 1, there was a distinct level of theta brainwave changes recorded in the 
process of meditation or reading an article or a book. Changes of theta brainwave 
during reading a book or an article has been confirmed through the interviews, the 
difference between the amplitude of theta was generated according to their interest 
or not (See section Distraction and attention, p. 44). This was utilizing the concept of 
theta brainwave to indicate the attention level. In non-meditation state, attention is 
interpreted as a positive factor in this research. However, ‘attention’ is interpreted as 
a negative factor and called ‘distraction’ in the meditation state. High attention level is 
represented as a lowering of the speed when entering the meditation, if the status is 
non-meditative. It can destroy whole visualisation if the status is meditative.  
The high amplitude of alpha brainwave that occurs during meditation was used to 
indicate the meditation level. Those attention and meditation levels are designed as 
key elements to determine the timing of transitions, the size of whole pattern, and the 
Door of Meditation or not, as well as determining the ratio between attention and 
meditation levels.  
 
Facilitators and obstacles to achieving meditation 
Several participants reported a sensitive response to the unfamiliar environment. 
They preferred their own place and believed that would help them to attain a deeper 
meditation. They also preferred dark environment rather than bright. All user study 
was conducted during the day. To meet the needs of the participants, all the 
incandescent lamps were turned off and the curtains were drawn to avoid day light 
from outside. The most annoying obstacle to attain meditation was noise. Less 
experienced meditators and non-meditators were vulnerable to noise. The optimal 
condition to attain meditation state requires that the environment should be familiar, 
dark, and with no interruption, especially noise.  
 
Future improvements to the model 
Meditation duration in Narcissus Brainwave was set to 10 minutes. As explained in 
the preliminary study, this duration was considered adequate for the appearance of 
meditation states in brainwave activity. However, other studies have observed theta 
brainwave activity in a deep state of meditation appears after 27 minutes. For 
example, in a 1966 study of Zen masters by Kasamatsy & Hirai (1966), theta has 
been found in the brainwave reading of the half number of Zen masters after 27 
minutes after starting to meditate. But no explanation was given for the appearance 
of theta brainwave.  
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Within Mindfulness Meditation, alpha brainwave has been linked to an increase in 
internal attention and an increase in the theta brainwave to relaxation (Fell et al., 
2010). Thus theta brainwave is also considered as an important factor in meditation. 
More investigation is required into the effect of brainwaves for longer (than 10 
minutes) durations of meditation, which could lead to a revision of the meditation 
model. 
Another future improvement to the design could be the varying of the use of types of 
visual patterns. Patterns could differ depending on the religion or meditation practices 
of the participant, which could allow a more personalised interaction and create more 
interest. As the Mandala pattern seemed to deliver the Buddhist meaning to the 
participants, it will be interesting to find out whether their own personal choice of 
symbols creates more meaning, when it is more resonant with their individual cultural 
practices. 
 
Narcissus Brainwave Visualisation Patterns 
             
During normal status (non-meditation like status), as complex brainwave activity was 
observed, it was illustrated in the design by circles moving at a fast pace. The 
amplitudes of each brainwave are displayed as a distance from the centre. Each 
colours represents each brainwaves (blue: theta, red: low alpha, green: high alpha, 
purple: low beta, dark purple: high beta, yellow: low gamma, grey: mid gamma 
brainwave). Theta brainwave effect is depicted spreading out from the centre (right 
picture). It appears when EEG sensor receives over the certain amplitude of theta 
brainwave. 
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When brainwaves change into meditative status, the movement of all elements slows 
down to reflect the calm state of the mind in meditation. Fast orbiting patterns morph 
into Mandala pattern that is reinterpreted to the digital format. The whole pattern’s 
size is determined by how deeply the meditation is attained. Colour theme is 
reversible depending on which alpha brainwave is dominant (red: low alpha, green: 
high alpha).  
 
              
There is an invisible value, sustainability. When meditation status is sustained 
without any distraction, the sustainability value will be increased. If the sustainability 
exceeds certain level, the lotus appears in the centre. This lotus state expresses a 
deep meditation status. The size of the lotus changes in proportion to the time in 
which this deeper status is retained. The colour of lotus changes depending on the 
amplitude of brainwaves in each frame (low beta, high beta, low gamma and mid 
gamma).  
 
              
The Mandala breaks into 8 divisions. The whole pattern shrinks down to the centre 
and expands outward and this symbolises the dissolution of the Tibetan sand 
Mandala at completion. Distraction causes the Mandala pattern to move back to 
normal brainwave status. 
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The Eternal knot will be drawn, if the EEG sensor detects a large amount of gamma 
brainwaves. The gamma brainwave is known to appear at the moment of spiritual 
awakening and Eternal knot represents the omniscient awakened wisdom of the 
Buddha. It was decided to make a choice of connecting gamma brainwave and 
Eternal knot. Depending on the sustainability of gamma brainwave status, the Eternal 
knot will be filled with colours. 
 
             
This status is Door of Meditation (DOM). This status can be interpreted as shallow 
meditative status or relaxed status without any distraction. The noise effect will 
appear as the brainwave pattern eases closer to the meditative state and it slowly 
changes into Mandala pattern. 
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Conclusion 
In this project, Narcissus Brainwave, aesthetic visualisation patterns of Mandalas 
have been created to enable viewers to discern different brainwave states of 
meditation depending on the levels of meditation experience. In Carl Jung’s 
understanding of the Mandala, it is a psychological expression of the totality of the 
self (Jung, 1972). To represent the mind state powerfully, Mandala patterns were 
adopted in this project as a visual pattern. For creating visualisation rules, User Study 
1 was conducted to explore brainwave changes between meditative and non-
meditative states. Based on the results of the User Study 1, two significant factors for 
the visualisation were found, ‘sustainability’ and ‘distraction’. User Study 2 was 
conducted to find out whether participants could discern the difference between the 
patterns created. Participants viewed the pre-recorded visualisation patterns of 
meditators and they were asked to evaluate these sets of visualisation patterns. The 
majority of participants (7 out of 11) could differentiate between the patterns of 
meditators and non-meditators, confirming the tentative rules for the visualisation.  
Through User Study 2, it was also reported that colour theme, scale of pattern and 
the rate of change are important properties to differentiate between the visualised 
patterns representing the different levels of meditative state. A colour theme was set 
to distinguish each brainwave. This enabled viewers to recognise which brainwave 
status was appearing in the visualisation patterns. Scale – expansion or contraction - 
was set to represent status changes in meditation. The ‘rate of change’ is the time 
required to reach the different levels of meditation. Meditators who have longer 
experience in meditation take less time to attain meditative state. These properties 
allow users to distinguish between meditative and non-meditative state through a 
logical, aesthetic approach.   
  
Through this research, a set of visualisation rules and a meditation model were 
developed. This project uses patterns to integrate multiple dimensions of information 
instead of viewing graphs of brainwave data. The final visualisation rules have been 
made based on a conceptual model of the meditation stages. The discernibility of 
visualisation patterns of meditators and non-meditators was validated by user testing 
and an interactive development process. Through observing visualised patterns from 
the participants, an important concept was added to the model – the Door of 
Meditation (DOM). The DOM is a metaphorical concept, where the door represents 
the entry to the meditation state. It is a shallow meditation-like status that is caused 
by failing to concentrate during meditation, and is similar to a state of relaxation. 
Theoretically it is a thin barrier between gross and subtle body in Yogic body theory. 
85 	  
The DOM enables the user to have feedback whether they were in a meditative state 
or just relaxed. The recorded visualisation can be viewed by users after their own 
meditation experience as a feedback tool showing the dynamically changing pattern 
of brainwave activity as represented by the model of meditation proposed by this 
research. 
 
This project can be used to help meditators gain more insight into the effects of 
meditation on their brainwave activity. By viewing how their mind state changes 
dynamically during meditation, users can explore the effect of various meditation 
techniques and discover the ones that are most beneficial for their practice.  
For non-meditators, the use of this tool enables them to perceive brainwave changes 
as soon as they start practicing meditation. This immediate feedback can help people 
who hesitate to practice meditation because of the prejudice that meditation is hard 
to attain. This may give encouragement and inspiration to the users. Non-meditators 
may be curious whether the custom-made software program is showing their 
meditation states properly or not. With this curiosity, they will experience benefits of 
meditation by using the software. The software can be published in Neurosky 
application store on the Android App Store and the iOS store. Users who have a 
Mindwave headset can access and download the published software easily.   
 
Limitation and Future work 
Participants were not asked if they could get meaningful information about their 
meditation experience, by viewing the visualisation afterwards. Although there was 
no description of the pattern, 2 participants (P9 and P13) reported the similar 
experiences (hypnosis and mesmerism) to that of Buddhist meditation. The Mandala 
pattern might deliver the Buddhist meaning. 
A symbol has its own meaning and conveys this meaning to a group which may 
consist of two people or an entire society. The symbol must communicate similar 
meaning to all within the group (Grubb & Grathwohl, 1967). With the same approach, 
if adopting the cultural patterns of meditation or specific symbols of meditation skills 
when designing visualisation patterns, the users could select patterns that are 
meaningful to themselves. By selecting a preferred pattern that resonates with their 
practice, it may allow users to recognise the stage of meditation more efficiently and 
powerfully. 
 
In this project, Narcissus Brainwave, it is the intention to show how meditation affects 
brainwaves with an aesthetic visualisation, and to enable the audience to have an 
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internal experience of meditation. This lets the audience experience some of the 
benefits of meditation. With created custom-made software, it becomes possible to 
recognise the differences between non-meditative and meditative state. With a ‘light 
heart’ that can give access to meditation by creating an interactive environment, the 
aim of Narcissus Brainwave, is to encourage and promote the practice of meditation.  
  
87 	  
Reference 
 
3D Brainwave Visualizer [Digital image]. 
Retrieved 10, July, 2014, from 
agemattersclinic 
http://www.agemattersclinic.com/BRAIN-
WAVES.php 
 
Aisha Amarfio.(2013), Mandala Vision 
Board Making Workshop [Photograph]. 
Retrieved 13 July, 2014, from 
initiationworkshops 
http://www.initiationworkshops.co.uk/self-
growth/mandala-vision-board-making-
workshop-with-aisha-amarfio.html 
 
Andrade Chittaranjan, Radhakrishnan 
Rajiv. (2009). Prayer and healing: A 
medical and scientific perspective on 
randomized controlled trials. Indian J 
Psychiatry. 51(4). 247-253. 
 
Angeles Ly De, Thom Van Dooren, Emma 
Restall Orr. (2005). Pagan Visions for a 
Sustainable Future. Woodbudy, MN: 
Llewellyn Worldwide.  
 
Angelski atelje. (2015). Tibetan Mandala. 
[Photograph] Retrieved 27 Nov, 2015. 
From benkapulko 
http://www.benkapulko.com/en/new_proje
cts/help_children_tibet/photo_gallery_3 
 
Barnhart, Bruno. (2008). The Good Wine: 
Reading John from the Center. Wipf and 
Stock Publishers. 
 
Barrera Ralph. (2013). Tibetan Buddhist 
Mandala. [Photograph] Retrieved 27 Nov, 
2015. From austim360 
http://www.austin360.com/gallery/entertain
ment/buddhist-monks-create-sand-
mandala-blanton-11013/g7Mx/ 
 
Bonadonna R. (2003). Meditation's impact 
on chronic illness. Holist Nurs Pract. 17(6), 
309-19. 
 
Borg Andreas. (2012). The Alhambra 
Mandala project [Photograph]. Retrieved 
11 July, 2014. From crea.tion.to 
http://crea.tion.to/generative-drawing-with-
brainwaves/ 
 
Bormann Jill. (2009). A “Burnout 
Prevention” Tool for Improving Healthcare 
Providers’ Health and Wellbeing: Mantram 
Repetition.  
 
Braly, K. W. (1933). The influence of past 
experience in visual perception. Journal of 
Experimental Psychology, 16(5), 613. 
 
Brefczynski-Lewis, J. A., Lutz, A., 
Schaefer, H. S., Levinson, D. B., & 
Davidson, R. J. (2007). Neural correlates 
of attentional expertise in long-term 
meditation practitioners. Proceedings of 
the national Academy of Sciences,104(27), 
11483-11488. 
 
Candy, L. (2006). Practice based research: 
A guide. CCS Report, 1, 1-19. 
 
DAGLI OR, G. I. A. N. N. I. (2008). Indus 
collapse: The end or the beginning of an 
Asian culture? Sciencemag, 320, 1281-
1283. Retrieved from 
www.sciencemag.org 
88 	  
 
Darren Curtis. (2008), Music and Mp3’s 
and Missing Harmonics.  
A technological disjointed musical 
experience in contemporary culture, in 
opposition to higher experience of 
harmonic interconnectedness. Retrieved 
from http://www.sacredresonance.com.au/ 
David S. Black, Joel Milam and Steve 
Sussman. (2009). Sitting Meditation 
Interventions Among Youth: A Review of 
Treatment Efficacy. PEDIATRICS. 123(3). 
538. 
 
Davidson RJ, Kabat-Zinn J, Schumacher J, 
Rosenkranz M, Muller D, Santorelli SF, 
Urbanowski F, Harrington A, Bonus K, 
Sheridan JF. (2003). Alterations in brain 
and immune function produced by 
mindfulness meditation. Psychosom Med. 
65(4), 564-70. 
 
Deane H. Shapiro (Jr.), Roger N. Walsh. 
(1984). Meditation: Classic and 
Contemporary Perspectives. Hawthorne, 
NY: Aldine Transaction 
 
Dennis Gaumond. (2007). The Power of 
Mantra. Wholistic Healing Publications. 
7(2), 5. 
 
DeWitt C. Dearbom and Herbert A. Simon. 
(1958). Selective Perception: A Note on 
the Departmental Identifications of 
Executives. Sociometry. 21(2),140-144. 
 
Dworin Judy. (2005). Sacred Sand 
Mandala. [Photograph] Retrieved 27 Nov, 
2015. From Wellesley 
http://www.austin360.com/gallery/entertain
ment/buddhist-monks-create-sand-
mandala-blanton-11013/g7Mx/ 
 
Dzong S. (2013). Sand Mandala. 
[Photograph] Retrieved 27 Nov, 2015. 
From dsrshanaphotoart 
http://www.darshanaphotoart.co.uk/blog/2
013/10/sand-mandala 
Elizabeth Monk-Turner. (2003), The 
benefits of meditation: experimental 
findings. The Social Science Journal. 
40(3), 467. Quoted in Borysenko, J. 
(1987). Minding the body, mending the 
mind. New York: Bantam. Benson, H. 
(1996). Timeless healing. New York: 
Fireside.  
 
Fell, J., Axmacher, N., & Haupt, S. (2010). 
From alpha to gamma: 
electrophysiological correlates of 
meditation-related states of 
consciousness.Medical hypotheses, 75(2), 
218-224..  
 
Forster, J., Bader, L., Heßler, S., Roesler, 
O., & Suendermann, D. (2014). A First 
Step Towards Binaural Beat Classification 
Using Multiple EEG Devices. In Proc. of 
the AIHLS 2014, International Conference 
on Applied Informatics for Health and Life 
Sciences. Retrieved from 
http://www.suendermann-oeft.com/ 
 
Gerald Grow. (2007). Tibetan monks 
dismantle the sand Mandala Tallahassee 
[Photograph]. Retrieved 13, July 2014, 
from longleaf 
http://longleaf.net/wp/writings/dissolution-
mandala/ 
89 	  
 
Grubb, E. L., & Grathwohl, H. L. (1967). 
Consumer self-concept, symbolism and 
market behavior: A theoretical 
approach. The Journal of Marketing, 22-27. 
Kabat-Zinn, J. (1990). Full catastrophe 
living. NY: Delta. 
 
Kabat-Zinn, J, Ann O. Massion, Jean 
Keisteller, Linda Gay Peterson, Kenneth E. 
Fletcher, Lori Pbert, William R. Lenderking, 
Saki, F. Santorelli. (1992). Effectiveness of 
a Meditation-Based Stress Reduction 
Program in the Treatment of Anxiety 
Disorders. Am J Psychiatry. 149. 936.  
 
Kabat-Zinn, J. (1995). Wherever you go, 
there you are: Mindfulness meditation in 
everyday life. NY: Hyperion. 
 
Kasamatsu A, Hirai T (1966). An 
electroencephalographic study 
on the Zen meditation (Zazen). Psychiatry 
Clin Neurosci. 20(4), 315–336 
 
Kingdon Jonathan. (2003). Out of Africa. 
(Interview). New Scientist (July 19, 2003) 
 
James E. Borling. (1981). The Effects of  
Sedative Music on Alpha Rhythms and 
Focused Attention in High-Creative and 
Low-Creative Subjects. Journal of Music 
Therapy. 18(2), 101-108. 
 
James, W. (2007). The Principles of 
Psychology, Vol.1. NY: Cosimo, Inc. 
 
Joao Beira and Yago de Quay. 
(2014).Biomeditation. A performance 
project that creates artwork from 
brainwaves [Photograph].  Retrieved 10, 
July 2014, from prote  
https://www.prote.in/en/feed/2014/04/biom
editation 
 
Jung, C. G. (1972). Mandala symbolism. 
Bollingen, Swiss. Princeton University 
Press. 
 
June-Elleni Laine. (2009), Mandala—the 
Art of Creating Future. Hants, SO24 0BE, 
UK. John Hunt Publishing. 
 
Klimesch Wolfgang. (1999). EEG alpha 
and theta oscillations reflect cognitive and 
memory performance: a review and 
analysis. Brain Research Reviews. 29(2-3), 
169-195. 
 
Kortelainen J., Jia X., Seppanen T., 
Thakor N. (2012). Increased 
electroencephalographic gamma activity 
reveals awakening from isoflurane 
anaesthesia in rats. British Journal of 
Anesthesia 109 (5). 782-789. 
 
Krishnamurti, J. (1999). This light in 
oneself: True meditation. NY: Shambhala. 
 
Lau, A., & Vande Moere, A. (2007, July). 
Towards a model of information aesthetics 
in information visualization. In Information 
Visualization, 2007. IV'07. 11th 
International Conference (pp.87-92). IEEE. 
 
Lehmann, D., Faber, P. L., Achermann, P., 
Jeanmonod, D., Gianotti, L. R., & 
Pizzagalli, D. (2001). Brain sources of 
EEG gamma frequency during volitionally 
meditation-induced, altered states of 
90 	  
consciousness, and experience of the 
self. Psychiatry Research: 
Neuroimaging, 108(2), 111-121. 
 
Lehrer, P. M., Woolfolk, R. L., Rooney, A. 
J., McCann, B., & Carrington, P. (1983). 
Progressive relaxation and meditation: A 
study of psychophysiological and 
therapeutic differences between two 
techniques. Behaviour research and 
therapy, 21(6), 651-662. 
 
Luders, E., Toga, A. W., Lepore, N., & 
Gaser, C. (2009). The underlying 
anatomical correlates of long-term 
meditation: larger hippocampal and frontal 
volumes of gray matter. 
Neuroimage, 45(3), 672-678. 
 
Malhotra, V., Tandon, O. P., Patil, R., Sen, 
T. K., Lobo, S. W., Nagamma, 
T., ...Choudhary, A. & Sonam Motani, A. C. 
(2009). Surtanadi Anuloma Viloma 
Pranayama modifies autonomic activity of 
heart. JOY: The Journal of Yoga. 8(1), 
Retrieved from 
http://www.journalofyoga.org 
 
Massion A.O., J. Teas, J.R. Hebert, M.D. 
Weartheimer and J. Kabat-Zinn. (1995). 
Meditation, Melatonin and Breast / 
Prostate Cancer: Hypothesis and 
Preliminary Data. Medical Hypothesis. 44, 
39–40. 
 
Mundy R. Michael.(2015). The Love 
Connection: A Journey Into the Working of 
the Soul. LuLu Publishing Services. 
 
National Institutes of health (2006). 
Meditation: An Introduction. U.S. 
DEPARTMENT OF HEALTH AND 
HUMAN SERVICES. Retrieved from 
https://nccih.nih.gov 
Neurosky inc. MindWave Product image 
[Photograph]. Retrieved 12, June 2015, 
from Neurosky 
http://store.neurosky.com/products/mindw
ave-1 
 
Neurosky inc. MindWave Product image 
[Digital image]. Retrieved 10, July 2014, 
from Neurosky 
http://store.neurosky.com/products/brainw
ave-visualizer 
 
Nishifuji, S., Sato, M., Maino, D., & 
Tanaka, S. (2010, August). Effect of 
acoustic stimuli and mental task on alpha, 
beta and gamma rhythms in brain wave. 
In SICE Annual Conference 2010, 
Proceedings of (pp. 1548-1554). IEEE. 
 
Nyanaponika Thera. (2005). The Heart of 
Buddhist Meditation: Satipaṭṭhāna : a 
Handbook of Mental Training Based on 
the Buddha's Way of Mindfulness, with an 
Anthology of Relevant Texts Translated 
from the Pali and Sanskrit. Kandy, Sri 
Lanka. Buddhist Publication Society. 
 
O'Nualláin, S. (2009). Zero power and 
selflessness. Cognitive sciences, 4(2), 49-
64. 
 
Otani Akira. (2003), Eastern Meditative 
Techniques and Hypnosis: A New 
Synthesis. American Journal of Clinical 
Hypnosis. 46(2), 97. 
91 	  
 
Pal Be’u. (2015). The Glorious Endless 
Knot [Photograph]. Retrieved 23, October 
2015, from revencypresswood 
http://ravencypresswood.com/category/yu
ngdrung-bon-sacred-symbols/ 
 
Paramahamsa Prajnanananda. (2005), 
Yoga: Pathway to the Devine. Bagalore, 
India. Sai Towers Publishing. 
 
Park L.(2013) Eunoia [Photograph]. 
Retrieved 8 July, 2014. From thelisapark 
http://thelisapark.com/#/ 
 
Robert Beer. (2003), The Handbook of 
Tibetan Buddhist Symbols. Chicago and 
London. Serindia Publications, Inc. 
 
Sas, C., & Chopra, R. (2015). MeditAid: a 
wearable adaptive neurofeedback-based 
system for training mindfulness 
state. Personal and Ubiquitous 
Computing, 19(7), 1169-1182. 
 
Sauseng Paul, Wolfgang Klimesch. (2008). 
What does phase information of oscillatory 
brain activity tell us about cognitive 
processes? Neuroscience and 
Biobehavioral Reviews. 32. 1001-1003. 
 
Shauna L. Shapiro, Gary E. Schwartz, 
Ginny Bonner. (1998), Effects of 
Mindfulness-Based Stress Reduction on 
Medical and Premedical Students. Journal 
of Behavioral Medicine. 21(6). 593 – 594. 
  
Singh Rajinder. (2007). Empowering Your 
Soul Through Meditation.  ON: Radiance 
Publishers; Later Printing Used edition 
 
Solberg EE, Holen A, Ekeberg Ø, Østerud 
B, Halvorsen R, Sandvik L. (2004). The 
effects of long meditation on plasma 
melatonin and blood serotonin. Med Sci 
Monit.10(3):CR96-101. 
 
Solberg EE, Ekeberg O, Holen A, Ingjer F, 
Sandvik L, Standal PA, Vikman A. (2004) 
Hemodynamic changes during long 
meditation. Appl Psychophysiol 
Biofeedback. 29(3), 213-21. 
 
Stutley, Margaret & James. (1977) A 
dictionary of Hinduism; its mythology, 
folklore and development 1500 B.C.—
A.D.1500. CA: Heritage publ. 
 
Swami Vushnu Devananda, (2011), The 
Complete Illustrated Book of Yoga. NY: 
Julian Press. 
 
Tainya C. Clarke, Ph.D., M.P.H., Lindsey I. 
Black, M.P.H., National Center for Health 
Statistics; Barbara J. Stussman, B.A., 
National Institutes of Health; Patricia M. 
Barnes, M.A., National Center for Health 
Statistics; and Richard L. Nahin, Ph.D., 
M.P.H., National Institutes of Health. 
(2015) Trends in the Use of 
Complementary Health Approaches 
among Adults: United States, 2002-2012. 
79. 4. 
 
Tassi, Patricia, and Alain Muzet. "Defining 
the states of 
consciousness."Neuroscience & 
Biobehavioral Reviews 25.2 (2001): 175-
191. 
 
92 	  
Teplan. M. (2002), Fundamentals of EEG 
Measurement. Measurement Sceince 
Review. 2, 2 
 
Vernon A Barnes, Matthew J Gregoski, 
Martha S Tingen, Frank A Treiber. (2010). 
Influnces of Family Environment and 
Meditation Efficacy on Hemodynamic 
Function among African American 
Adolescents. Journal of Complementary 
and Integrative Medicine. 7(1). 5. 
 
Vladimir Nokonov. Brainwave graph 
[Graph]. Retrieved 30, July 2014, from 
mindmachine 
http://www.mindmachine.ru/articles/alfa.ht
m 
 
Wojciech SAŁABUN. (2014). Processing 
and spectral analysis of the raw EEG 
signal from the MindWave. Przeglad 
Elektrotechniczny 90, 169-174. 
doi:10.12915/pe.2014.02.44 
 
Yuasa Yasuo. (1987), The Body - Toward 
an Eastern Mind-Body Theory. NY: State 
University of New York Press.
93 	  
Appendix  
Processing Code (version 1.5.1) 
//time stamp 
PFont font; 
//4slides show's variables 
float scA1=0; 
float scA2=0; 
float scA3=0; 
float scA4=0; 
int [] xDis= { 
  60, 420, 60, 420 
}; 
int [] yDis= { 
  20, 20, 370, 370 
}; 
//---lining 
float alphaOut=0; 
int verX=60; 
int horY=20; 
 
//Image saver 
PImage[] images=new PImage[1]; 
int interval=4000; 
int lastRecordedTime=0; 
int screenCount=0; 
int screenIndex=0; 
boolean scUp=true; 
boolean reStart=false; 
//graph window 
PFrame f; 
secondApplet s; 
float gT=0; 
float glA=0; 
 
float ghA=0; 
int glB=0; 
int ghB=0; 
int glG=0; 
int gmG=0; 
int introAlpha=100; 
 
//medi state 
int gotIn=90; 
int lotusTime=180; 
int levUp=10;     //   set to 120 
 
int maxSig=9; 
int dynamicLv=0; 
int dynamicAr=255; 
int dynamicAg=255; 
int dynamicAb=255; 
int dynamicAfr; 
int dynamicAfg; 
int dynamicAfb; 
int dynamicBr=255; 
int dynamicBg=255; 
int dynamicBb=255; 
int dynamicBfr; 
int dynamicBfg; 
int dynamicBfb; 
boolean dynamic=false; 
 
float r_noise = noise(1); 
float noiseCtrl=100.0; 
 
ArrayList<RestCircle> restCircleArray = 
new ArrayList(); 
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ArrayList<Wave> shot = new ArrayList(); 
ArrayList plist = new ArrayList(); 
float pplA=0; 
float plA=0; 
float pphA=0; 
float phA=0; 
float maxlowA=0; 
float maxhighA=0; 
 
//max gamma in 3 frames 
float pplG=0; 
float plG=0; 
float ppmG=0; 
float pmG=0; 
float maxlowG=0; 
float maxmidG=0; 
 
 
//logo variables 
int maxImages=9; 
int imageIndex=0; 
float logoA=0; 
Boolean logoUp=true; 
 
//timer 
int savedTime; 
int totalTime=1000; 
int actualTime=0; 
int relaxPoint=0; 
 
int tibetTime=0; 
 
 
float noiseNo=0; 
 
color co1; 
color co2; 
 
import neurosky.*; 
import org.json.*; 
ThinkGearSocket neuroSocket; 
int attention; 
int meditation; 
float l_alpha=600; 
float h_alpha=600; 
float theta_=600; 
int l_beta=0; 
int h_beta=0; 
int l_gamma=0; 
int m_gamma=0; 
int lev=0; 
float tri=0; 
color c; 
float accel=0; 
color dominantColor; 
color notDomi; 
color semiDomi; 
 
boolean allSet=false; 
boolean trion=false; 
boolean relax=true; 
boolean thetaStatus=false; 
boolean tibetan=false; 
boolean coTibetan=false; 
boolean meditationStatus=false; 
boolean drawmedirest=false; 
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// theta closed simulation 
boolean thetaOff=false; 
boolean speedUp=false; 
 
//lotus  
boolean mediSustain=false; 
float lotusSize=10; 
float lotusSpeed=0; 
float col; 
 
 
int st=1; 
float xx=width/2; 
float yy=height/2; 
float dx; 
float dy; 
int seq=0; 
float a=10; 
float trans=100; 
int dummyNumber1=0; 
int dummyNumber2=0; 
int dummyNumber3=0; 
int dummyNumber4=0; 
int maxDot=0; 
int time=0; 
int wait=4000; 
int connect=200; 
int last=0; 
 
int MAX = 300;  
int part=0; 
int threshold;  
int prevMillis=0;  
float p=0.0; 
float xPos=0; 
float yPos=0; 
float w=400; 
float xxPos = 0;  
boolean wearOn=false; 
int [] xcor= { 
  500, 560, 345, 400, 455, 240, 295, 505, 
560, 345, 400, 455, 240, 295 
}; 
int [] ycor= { 
  285, 335, 550, 600, 550, 335, 285, 495, 
440, 225, 175, 225, 440, 495 
}; 
//drawing rest variables 
 
void setup() { 
  size(800, 800); 
  //size(displayWidth, displayHeight) 
  background(0); 
  smooth(); 
  
images[0]=loadImage("data/"+screenIndex
+".png"); 
  images[0].resize(320, 320); 
 
 
  //time stamp 
  font = createFont ("Arial", 30); 
  textFont(font, 30); 
 
  //------ 
 
  frame.setBackground(new 
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java.awt.Color(0, 0, 0)); 
  /*  PFrame f = new PFrame(); 
   f.setTitle("Graph");*/ 
 
  time=millis(); 
  savedTime=millis(); 
  //frameRate(60); 
  ThinkGearSocket neuroSocket = new 
ThinkGearSocket(this); 
  try { 
    neuroSocket.start(); 
  }  
  catch (ConnectException e) { 
    //println("Is ThinkGear running??"); 
  } 
} 
void mousePressed() { 
  /* Wave O = new Wave(width/2, height/2, 
random(10, 200)); 
   shot.add(O);*/ 
} 
 
void draw() { 
  //println(dynamicLv); 
  // background(0); 
  
/////////////////////////////////////////println(relaxPoint
); 
  noStroke(); 
  fill(0, 10); 
  rectMode(CENTER); 
  rect(width/2, height/2, width, height); 
  if (wearOn==false) { 
 
    logo(); 
    reStart=true; 
  } 
  // println(screenIndex); 
 
 
  if (wearOn==true) { 
    alphaOut=0; 
    verX=60; 
    horY=20; 
    displayTime(); 
    if (reStart==true) { 
      screenIndex=images.length-1; 
      reStart=false; 
    } 
    //screen saver 
    if (millis()-lastRecordedTime>interval) { 
      if (screenCount>0) { 
        save("data/"+screenCount+".png"); 
 
        
images[screenCount]=loadImage("data/"+
screenCount+".png"); 
        images[screenCount].resize(320, 
320); 
      } 
      lastRecordedTime = millis(); 
      images=(PImage[])expand(images, 
images.length+1); 
      screenCount+=1; 
    } 
 
    //------ 
    if (actualTime>gotIn) { 
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      speedUp=true; 
    } 
    if (relaxPoint>20) { 
      relax=false; 
    } 
    else { 
      relax=true; 
    } 
    if (actualTime>lotusTime&&relax==false) 
{ 
      mediSustain=true; 
    } 
    if (actualTime>levUp) { 
      dynamic=true; 
    } 
    if (actualTime>240&&lotusSize<55) { 
      lotusSize+=0.2; 
    }  
    if 
(actualTime<240&&actualTime>=180&&lot
usSize>35) { 
      lotusSize-=0.2; 
    } 
    if (actualTime>300&&lotusSize<66) { 
      lotusSize+=0.2; 
    }  
    if 
(actualTime<300&&actualTime>=240&&lot
usSize>55) { 
      lotusSize-=0.2; 
    } 
    if (actualTime>360&&lotusSize<77) { 
      lotusSize+=0.2; 
    }  
    if 
(actualTime<360&&actualTime>=300&&lot
usSize>66) { 
      lotusSize-=0.2; 
    } 
 
    if (actualTime<lotusTime) { 
      mediSustain=false; 
    } 
 
 
    int PassedTime=millis()-savedTime; 
    if (PassedTime>totalTime) { 
      if (actualTime<250) { 
        actualTime+=1; 
      } 
      savedTime=millis(); 
    } 
 
    // println(actualTime); 
 
    for (int i=0; i<shot.size();i++) { 
      Wave O = (Wave) shot.get(i); 
      O.display(); 
      O.update(); 
    } 
    for (int i = 0; i < plist.size(); i++) {  
      Particle p = (Particle) plist.get(i);   
      p.run();  
      p.update(); 
    } 
    for (int i=0; i<restCircleArray.size();i++) { 
      RestCircle P = (RestCircle) 
restCircleArray.get(i); 
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      P.drawRest(); 
      P.update(); 
    } 
    if (restCircleArray.size()>20) { 
      restCircleArray.remove(0); 
    } 
    if (shot.size() > 7) { 
      shot.remove(0); 
    } 
    if (thetaStatus==true&&thetaOff==false) 
{ 
      distraction(); 
      if (PassedTime>totalTime) { 
        if (actualTime>10) { 
          actualTime-=10; 
          savedTime=millis(); 
        } 
        if (meditationStatus==true) { 
          if (actualTime>10) { 
            actualTime-=30; 
            savedTime=millis(); 
          } 
        } 
      } 
    } 
    if (tibetan==true) { 
      knot(); 
    } 
    if (tibetTime>5) { 
      coTibetan=true; 
    } 
    else { 
      coTibetan=false; 
    } 
  } 
} 
 
 
void poorSignalEvent(int sig) { 
  //println("SignalEvent "+maxSig*2+1); 
  if (sig<(maxSig*20+1)) { 
    wearOn=true; 
  } 
  else { 
    wearOn=false; 
    //println("You are not wearing EEG 
sensor!"); 
  } 
} 
 
public void attentionEvent(int 
attentionLevel) { 
  //println("Attention Level: " + 
attentionLevel); 
  // attention = attentionLevel; 
} 
 
 
void meditationEvent(int meditationLevel) { 
  //println("Meditation Level: " + 
meditationLevel); 
  // meditation = meditationLevel; 
} 
 
void blinkEvent(int blinkStrength) { 
 
  // println("blinkStrength: " + blinkStrength); 
} 
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public void eegEvent(int delta, int theta, int 
low_alpha, int high_alpha, int low_beta, int 
high_beta, int low_gamma, int 
mid_gamma) { 
  //println("theta Level: " + theta); 
  /*println("delta Level: " + delta);  
   println("low_alpha Level: " + low_alpha); 
   println("high_alpha Level: " + 
high_alpha); 
   println("low_beta Level: " + low_beta); 
   println("high_beta Level: " + high_beta); 
   println("low_gamma Level: " + 
low_gamma); 
   println("mid_gamma Level: " + 
mid_gamma);*/ 
  if (low_alpha!=0) { 
    l_alpha=low_alpha; 
    h_alpha=high_alpha; 
    theta_=theta; 
    l_beta=low_beta; 
    h_beta=high_beta; 
    l_gamma=low_gamma; 
    m_gamma=mid_gamma; 
  } 
  if (low_alpha==0) { 
    l_alpha=600; 
    h_alpha=600; 
    theta_=600; 
    l_beta=600; 
    h_beta=600; 
    l_gamma=600; 
    m_gamma=600; 
  } 
  float highest = max(l_alpha, h_alpha, 
theta); 
 
  if (theta<150000) { 
    if (highest==l_alpha||highest==h_alpha) 
{ 
      //println("alpha high"); 
      actualTime+=2; 
    } 
  } 
  // println(pplA+","+plA+"," +l_alpha/600); 
  pplA=plA; 
  plA=l_alpha/600; 
  maxlowA = max(pplA, plA, l_alpha/600); 
  pphA=phA; 
  phA=h_alpha/600; 
  maxhighA = max(pphA, phA, 
h_alpha/600); 
  if (maxlowA > theta/600 || 
maxhighA>theta/600) { 
    if (relaxPoint<100) { 
      relaxPoint++; 
    } 
  } 
  else { 
    if (relaxPoint>0) { 
      relaxPoint--; 
    } 
  } 
  //return max low gamma wave and mid 
 
  pplG=plG; 
  plG=l_gamma; 
  maxlowG = max(pplG, plG, l_gamma); 
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  ppmG=pmG; 
  pmG=m_gamma; 
  maxmidG = max(ppmG, pmG, 
m_gamma); 
  if (maxlowG>100000||maxmidG>100000) 
{ 
    tibetan=true; 
    if (tibetTime<10) { 
      tibetTime+=1; 
    } 
  } 
  else { 
    tibetan=false; 
    if (tibetTime>1) { 
      tibetTime-=1; 
    } 
  } 
  //int highest= max(theta, low_alpha, 
high_alpha); 
 
 
  // Wave O = new Wave(width/2, height/2, 
theta/1000, (color)#0c4caf); 
  // shot.add(O); 
  //colorPatern.add((color)#0c4caf); 
  //c=(color)#0c4caf; 
  if (allSet==false) { 
    Wave O = new Wave(width/2, height/2, 
l_alpha/600, (color)#fc0526, 1, random(5, 
8), 10); 
    shot.add(O); 
    O = new Wave(width/2, height/2, 
h_alpha/600, (color)#034304, 1, random(5, 
8), 10); 
    shot.add(O); 
    O = new Wave(width/2, height/2, 
l_beta/600, (color)#8f55f0, 1, random(5, 8), 
10); 
    shot.add(O); 
    O = new Wave(width/2, height/2, 
h_beta/600, (color)#55ecf0, 1, random(5, 
8), 10); 
    shot.add(O); 
    O = new Wave(width/2, height/2, 
l_gamma/600, (color)#f0aa55, 1, 
random(5, 8), 10); 
    shot.add(O); 
    O = new Wave(width/2, height/2, 
m_gamma/600, (color)#b3b4b2, 1, 
random(5, 8), 10); 
    shot.add(O); 
    allSet=true; 
  } 
  /* else { 
   if (O).dotColor==(color)#fc0526){ 
   O.radius=l_alpha/800; 
   } 
   } 
   */ 
 
 
  if (theta>=150000&&thetaOff==false) { 
    thetaStatus=true; 
    //meditationStatus=false; 
  } 
  //colorPatern.add((color)#fc0526); 
  //c=(color)#fc0526; 
 
  /*c=(color)#0c4caf; 
   Wave O = new Wave(width/2, height/2, 
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l_alpha/1000); 
   shot.add(O); 
   c=(color)#0c4caf; 
   Wave O = new Wave(width/2, height/2, 
l_alpha/1000); 
   shot.add(O); 
   c=(color)#0c4caf; 
   Wave O = new Wave(width/2, height/2, 
l_alpha/1000); 
   shot.add(O); 
   c=(color)#0c4caf; 
   Wave O = new Wave(width/2, height/2, 
l_alpha/1000); 
   shot.add(O); 
   */ 
} 
 
void distraction() { 
 
  if (meditationStatus==true) { 
    for (int i = 0; i < MAX; i ++) {  
      plist.add(new Particle(width/2, 
height/2)); // fill ArrayList with particles  
      if (plist.size() > MAX) {  
        plist.remove(0); 
      } 
    } 
    noFill(); 
    strokeWeight(2); 
    stroke(38, 68, 180, 20); 
    line(width/2, height/2, width, height); 
    line(width/2, height/2, width/2, height); 
    line(width/2, height/2, 0, height); 
    line(width/2, height/2, 0, height/2); 
    line(width/2, height/2, 0, 0); 
    line(width/2, height/2, width/2, 0); 
    line(width/2, height/2, width, 0); 
    line(width/2, height/2, width, height/2); 
  } 
  noFill(); 
  stroke(38, 68, 180, 80); 
  strokeWeight(20); 
  ellipse(width/2, height/2, xxPos, xxPos); 
  if (millis() - prevMillis >= threshold) { 
    xxPos+=20; 
    prevMillis += threshold; 
  } 
  if (xxPos<200) { 
    part=0; 
  } 
  if (xxPos>800) { 
    part=1; 
    xxPos=0; 
    thetaStatus=false; 
    prevMillis=0; 
    meditationStatus=false; 
    speedUp=false; 
  } 
} 
//tibetan knot 
void knot() { 
  fill(255, 80); 
  strokeWeight(st); 
  stroke(255, 80); 
  line(xx, yy, xcor[seq], ycor[seq]); 
  noStroke(); 
  ellipse(xx, yy, 10, 10); 
102 	  
  dx=xcor[seq]-xx; 
  xx=xx+dx; 
  dy=ycor[seq]-yy; 
  yy=yy+dy; 
  //line(x,y,xcor[seq],ycor[seq]); 
  if (round(xx)==(xcor[seq])) { 
    seq+=1; 
    if (seq>13) { 
      seq=0; 
    } 
  } 
  if (coTibetan==true) { 
    st=8; 
    stroke(random(255), random(255), 
random(255)); 
    strokeWeight(2); 
    line(xx, yy, xcor[seq], ycor[seq]); 
  } 
  else { 
    st=1; 
  } 
} 
 
void logo() { 
  noFill(); 
  strokeWeight(3); 
  stroke(188,188,188,alphaOut); 
  rect(400,355,690,690,20,20,20,20); 
  if(alphaOut<10){ 
    alphaOut+=1; 
  }else if(alphaOut>=10){ 
    stroke(188,188,188,3); 
    strokeWeight(1); 
    line (60,355,verX,355); 
    if (verX<740){ 
      verX+=2; 
    } 
    line (400,20,400,horY); 
    if (horY<690){ 
      horY+=2; 
    } 
  } 
   
  if (scUp==true) { 
    tint(255, scA1); 
    image(images[screenIndex], xDis[0], 
yDis[0]); 
    if (scA1<100) { 
      scA1+=2; 
    } 
  } 
  if (screenCount>=screenIndex+2) { 
    if (scUp==true&&scA1==100) { 
      tint(255, scA2); 
      image(images[screenIndex+1], xDis[1], 
yDis[1]); 
      if (scA2<100) { 
        scA2+=2; 
      } 
    } 
    if (screenCount>=screenIndex+3) { 
      if (scUp==true&&scA2==100) { 
        tint(255, scA3); 
        image(images[screenIndex+2], 
xDis[2], yDis[2]); 
        if (scA3<100) { 
          scA3+=2; 
        } 
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      } 
      if (screenCount>=screenIndex+4) { 
        if (scUp==true&&scA3==100) { 
          tint(255, scA4); 
          image(images[screenIndex+3], 
xDis[3], yDis[3]); 
          if (scA4<600) { 
            scA4+=2; 
          } 
        } 
        if (scUp==true&&scA4==600) { 
          scUp=false; 
          scA4=100; 
        } 
 
        if (scUp==false&&scA4>0) { 
          scA1*=0.95; 
          scA2*=0.95; 
          scA3*=0.95; 
          scA4*=0.95; 
        } 
        if (scUp==false&&scA4<1) { 
          if (screenIndex+4<images.length-
3&images.length>1) { 
            screenIndex+=4; 
          } 
          else { 
            screenIndex=0; 
          } 
          scUp=true; 
          scA1=0; 
          scA2=0; 
          scA3=0; 
          scA4=0; 
        } 
      }else{ 
        if (screenIndex+4<images.length-
3&images.length>1) { 
            screenIndex+=4; 
          } 
          else { 
            screenIndex=0; 
          } 
          scUp=true; 
          scA1=0; 
          scA2=0; 
          scA3=0; 
          scA4=0; 
      } 
    } 
    else { 
      if (screenIndex+4<images.length-
3&images.length>1) { 
        screenIndex+=4; 
      } 
      else { 
        screenIndex=0; 
      } 
      scUp=true; 
      scA1=0; 
      scA2=0; 
      scA3=0; 
      scA4=0; 
    } 
  } 
  else { 
    if (screenIndex+4<images.length-
3&images.length>1) { 
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      screenIndex+=4; 
    } 
    else { 
      screenIndex=0; 
    } 
    scUp=true; 
    scA1=0; 
    scA2=0; 
    scA3=0; 
    scA4=0; 
  } 
 
  color c1 = color(211, 30, 30); 
  color c2 = color(131, 240, 164); 
  String message = "Narcissus Brainwave"; 
  char[] letters = message.toCharArray(); 
 
  // set a starting position for drawing the 
letters 
  float lPos = 80; 
 
  for (int i=0; i < letters.length; i++) { 
 
    // calculate a font size between 26 and 
96 point using a sinewave and map() 
    float angle = 
radians( 2*(frameCount+10*i) ); 
    float sine = sin(angle); 
    float fs = map(sine, -1, 1, 26, 96); 
    textSize(fs); 
    float a = map(i, 0, letters.length, 0, 1); 
    // use lerpColor to get a blend of c1 and 
c2 using 'a' 
    color mix = lerpColor(c1, c2, a); 
    fill(mix); 
    // map the size 'fs' to an alpha value --> 
smaller letters will be dimmer 
    //fill(0, map(fs, 45, 96, 128, 255)); 
 
 
    text(letters[i], lPos, height-60); 
    lPos += textWidth(letters[i]); 
  } 
} 
 
 
void rawEvent(int[] raw) { 
  // println("rawEvent Level: " + raw); 
}  
 
void stop() { 
  neuroSocket.stop(); 
  super.stop(); 
} 
void keyPressed() { 
  if (key == '1') { 
    speedUp=true; 
  } 
  if (key == '2') { 
    thetaOff=!thetaOff; 
    thetaStatus=false; 
  } 
  if (key == '3') { 
    tibetan=!tibetan; 
    coTibetan=false; 
  } 
  if (key == '4') { 
    coTibetan=true; 
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  } 
  if (key =='5') { 
    mediSustain=!mediSustain; 
  } 
  if (key =='6') { 
    dynamicLv+=1; 
  } 
  if (key =='0') { 
    relax=!relax; 
  } 
} 
public class PFrame extends Frame { 
  public PFrame() { 
    setBounds(0, 0, 400, 350); 
    s = new secondApplet(); 
    add(s); 
    s.init(); 
    show(); 
  } 
} 
 
private class secondApplet extends 
PApplet { 
 
  void setup() { 
    size(400, 350); 
    background(0); 
    cursor(); 
    smooth(); 
    time=millis(); 
  }   
 
  void draw() { 
    //background(0); 
    noStroke(); 
    s.fill(0, 50); 
    s.rect(0, 0, width, height); 
    if (wearOn==false) { 
      textSize(20); 
      fill(140, 148, 216); 
      text("Please check battery in EEG 
sensor", 20, 40); 
      textSize(12); 
      fill(219, 9, 47); 
      text("*Turn on the EEG sensor and 
excute program", 20, 60); 
      textSize(40); 
      fill(83, 226, 229); 
      text("Connecting", 40, 140); 
      for (int i=0;i<maxDot;i++) { 
        ellipse(270+(i*10), 140, 5, 5); 
      } 
      if (millis() -time>=connect) { 
        if (maxDot<4) { 
          maxDot+=1; 
        } 
        else { 
          maxDot=0; 
        }       
        time=millis(); 
      } 
    } 
 
 
    if (wearOn==true) { 
      s.fill(12, 76, 175); 
      s.textSize(14); 
      s.text("Theta : "+theta_, 10, 20); 
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      gT=gT+ round(((theta_/1200)-gT)*.08); 
      s.rect(5, 27, gT, 10); 
      s.fill(#fc0526); 
      s.text("Low Alpha : "+l_alpha, 10, 50); 
      glA=glA+ round(((l_alpha/1200)-
glA)*.08); 
      s.rect(5, 57, glA, 10); 
      s.fill(#034304); 
      s.text("High Alpha : "+h_alpha, 10, 80); 
      ghA=ghA+ round(((h_alpha/1200)-
ghA)*.08); 
      s.rect(5, 87, ghA, 10); 
      s.fill(#8f55f0); 
      s.text("Low Beta : "+l_beta, 10, 110); 
      glB=glB+ round(((l_beta/1200)-
glB)*.08); 
      s.rect(5, 117, glB, 10); 
      s.fill(#55ecf0); 
      s.text("High Beta : "+h_beta, 10, 140); 
      ghB=ghB+ round(((h_beta/1200)-
ghB)*.08); 
      s.rect(5, 147, ghB, 10); 
      s.fill(#f0aa55); 
      s.text("Low Gamma : "+l_gamma, 10, 
170); 
      glG=glG+ round(((l_gamma/1200)-
glG)*.08); 
      s.rect(5, 177, glG, 10); 
      s.fill(#b3b4b2); 
      s.text("Mid gamma : "+m_gamma, 10, 
200); 
      gmG=gmG+ round(((m_gamma/1200)-
gmG)*.08); 
      s.rect(5, 207, gmG, 10); 
 
      s.fill(255); 
      s.text("Ratio (theta, max in 3low alpha) 
= "+ (maxlowA/(theta_/600)), 10, 240); 
      s.text("Ratio (theta, max in 3 high 
alpha) = "+ (maxhighA/(theta_/600)), 10, 
255); 
    } 
 
    //Button 
    fill(255);  
 
    textSize(14); 
    text ("Signal strictness", 40, 280); 
    if ((abs(dist(mouseX, mouseY, 180, 
280))) <20) { 
      fill(126, 131, 126); 
    } 
 
    ellipse (183, 275, 20, 20); 
    fill(0); 
    text ("-", 180, 280); 
    noStroke(); 
    fill(255); 
    if ((abs(dist(mouseX, mouseY, 260, 
280))) <20) { 
      fill(126, 131, 126); 
    } 
    ellipse (265, 275, 20, 20); 
    fill(0); 
    text ("+", 260, 280); 
    fill(255, 255, 0); 
    for (int i=0;i<maxSig;i++) { 
      rect(204+(i*3), 280, 2, -(i*1.5)); 
    } 
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  } 
  void mousePressed() { 
    if ((abs(dist(mouseX, mouseY, 180, 
280))) <20) { 
      if (maxSig>2) { 
        maxSig--; 
      } 
    } 
    if ((abs(dist(mouseX, mouseY, 260, 
280))) <20) { 
      if (maxSig<10) { 
        maxSig++; 
      } 
    } 
  } 
} 
void init() { 
  frame.removeNotify(); 
  frame.setUndecorated(true); 
  frame.addNotify(); 
  super.init(); 
} 
 
void displayTime() { 
  smooth(); 
  textSize(30); 
  fill(255, 255, 255); 
  String txt=timeStamp(); 
  text (txt, 30, 60); 
} 
String timeStamp() { 
  String s=""; 
  s=s+nf(hour(), 2)+":"+nf(minute(), 
2)+":"+nf(second(), 2); 
  return s; 
} 
class RestCircle { 
  float xxx; 
  float yyy; 
  color restColor; 
  float a=1; 
  float trans=60; 
  float aMax=random(5, 20); 
  RestCircle (float restPosX, float restPosY, 
color thisCol) { 
    xxx=restPosX; 
    yyy=restPosY; 
    restColor=thisCol; 
  } 
  void update() { 
    if (a<aMax) { 
      a=a*1.05; 
    } 
    if (a>aMax) { 
      trans=trans*0.95; 
    } 
    if (trans<1) { 
      restCircleArray.remove(this); 
    } 
  } 
 
  void drawRest() { 
    strokeWeight(a/5); 
    stroke(restColor, trans*0.8); 
    fill((color)restColor, trans); 
    ellipse(width/2-xxx, height/2-yyy, a, a); 
  } 
} 
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class Wave { 
  private int locx, locy; 
  private float radius, i=0.0, v, r; 
  private color dotColor; 
  private int type; 
 
  // color c; 
  Wave(int locx, int locy, float radius, color 
dotColor, int type, float v, float r) { 
    this.radius = radius; 
    this.locy = locy; 
    this.locx = locx; 
    this.dotColor = dotColor; 
    this.type = type; 
    this.v =v; 
    this.r =r; 
 
    //  c = (color) random(#000000); 
  } 
 
  void display() { 
 
    if (meditationStatus==true) { 
      if (type==1) { 
        if (maxlowA>maxhighA) { 
          dominantColor=#fc0526; 
          notDomi=#034304; 
          semiDomi=#81444C; 
          if (dynamicLv==0) { 
            dynamicAfr=129; 
            dynamicAfg=68; 
            dynamicAfb=64; 
            dynamicBfr=129; 
            dynamicBfg=68; 
            dynamicBfb=64; 
          } 
          if (dynamicLv==1) { 
            dynamicAfr=147; 
            dynamicAfg=42; 
            dynamicAfb=145; 
            dynamicBfr=147; 
            dynamicBfg=128; 
            dynamicBfb=74; 
          } 
          if (dynamicLv==2) { 
            dynamicAfr=237; 
            dynamicAfg=149; 
            dynamicAfb=55; 
            dynamicBfr=116; 
            dynamicBfg=85; 
            dynamicBfb=54; 
          } 
          if (dynamicLv==3) { 
            dynamicAfr=250; 
            dynamicAfg=230; 
            dynamicAfb=8; 
            dynamicBfr=198; 
            dynamicBfg=191; 
            dynamicBfb=128; 
          } 
        } 
        if (maxlowA<maxhighA) { 
          dominantColor=#034304; 
          notDomi=#fc0526; 
          semiDomi=#367637; 
          if (dynamicLv==0) { 
            dynamicAfr=54; 
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            dynamicAfg=118; 
            dynamicAfb=55; 
            dynamicBfr=54; 
            dynamicBfg=118; 
            dynamicBfb=55; 
          } 
          if (dynamicLv==1) { 
            dynamicAfr=174; 
            dynamicAfg=237; 
            dynamicAfb=170; 
            dynamicBfr=81; 
            dynamicBfg=168; 
            dynamicBfb=191; 
          } 
          if (dynamicLv==2) { 
            dynamicAfr=193; 
            dynamicAfg=193; 
            dynamicAfb=193; 
            dynamicBfr=246; 
            dynamicBfg=206; 
            dynamicBfb=255; 
          } 
          if (dynamicLv==3) { 
            dynamicAfr=252; 
            dynamicAfg=82; 
            dynamicAfb=3; 
            dynamicBfr=113; 
            dynamicBfg=102; 
            dynamicBfb=0; 
          } 
        } 
        if 
(this.dotColor==(color)dominantColor) { 
          float x = locx+radius*sin(radians(i)); 
          float y = locy+radius*cos(radians(i)); 
          float x1 = 
locx+radius*sin(PI/4+radians(i)); 
          float y1 = 
locy+radius*cos(PI/4+radians(i)); 
          float x2 = 
locx+radius*sin(PI/2+radians(i)); 
          float y2 = 
locy+radius*cos(PI/2+radians(i)); 
          float x3 = 
locx+radius*sin(3*PI/4+radians(i)); 
          float y3 = 
locy+radius*cos(3*PI/4+radians(i)); 
          float x4 = 
locx+radius*sin(PI+radians(i)); 
          float y4 = 
locy+radius*cos(PI+radians(i)); 
          float x5 = 
locx+radius*sin(5*PI/4+radians(i)); 
          float y5 = 
locy+radius*cos(5*PI/4+radians(i)); 
          float x6 = 
locx+radius*sin(3*PI/2+radians(i)); 
          float y6 = 
locy+radius*cos(3*PI/2+radians(i)); 
          float x7 = 
locx+radius*sin(7*PI/4+radians(i)); 
          float y7 = 
locy+radius*cos(7*PI/4+radians(i)); 
 
          float x8 = 
locx+radius*sin(PI/8+radians(i)); 
          float y8 = 
locy+radius*cos(PI/8+radians(i)); 
          float x9 = 
locx+radius*sin(3*PI/8+radians(i)); 
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          float y9 = 
locy+radius*cos(3*PI/8+radians(i)); 
          float x10 = 
locx+radius*sin(5*PI/8+radians(i)); 
          float y10 = 
locy+radius*cos(5*PI/8+radians(i)); 
          float x11 = 
locx+radius*sin(7*PI/8+radians(i)); 
          float y11 = 
locy+radius*cos(7*PI/8+radians(i)); 
          float x12 = 
locx+radius*sin(9*PI/8+radians(i)); 
          float y12 = 
locy+radius*cos(9*PI/8+radians(i)); 
          float x13 = 
locx+radius*sin(11*PI/8+radians(i)); 
          float y13 = 
locy+radius*cos(11*PI/8+radians(i)); 
          float x14 = 
locx+radius*sin(13*PI/8+radians(i)); 
          float y14 = 
locy+radius*cos(13*PI/8+radians(i)); 
          float x15 = 
locx+radius*sin(15*PI/8+radians(i)); 
          float y15 = 
locy+radius*cos(15*PI/8+radians(i)); 
          int count=108; 
          if (relax==true) { 
            noFill(); 
            strokeWeight(random(1, 3)); 
            stroke(dotColor, 40); 
            pushMatrix(); 
            translate(width/2, height/2); 
              noiseCtrl=100.0-5*relaxPoint; 
            if (noiseCtrl<0){ 
              noiseCtrl=1; 
            } 
            beginShape(); 
            for (int i = 0; i < count; i++) { 
              float r = 
this.radius+noiseCtrl*noise(r_noise); 
              float relaxX = 
r*cos(TWO_PI/count*i); 
              float relaxY = 
r*sin(TWO_PI/count*i); 
              vertex(relaxX, relaxY); 
              r_noise+=0.1; 
            } 
 
            endShape(CLOSE); 
            popMatrix(); 
          } 
          if (relax==false) { 
            fill(dotColor, 80); 
            strokeWeight(random(5, 10)); 
            stroke(semiDomi, 40); 
 
            ellipse(x, y, 2*r/3, 2*r/3); 
            ellipse(x1, y1, 2*r/3, 2*r/3); 
            ellipse(x2, y2, 2*r/3, 2*r/3); 
            ellipse(x3, y3, 2*r/3, 2*r/3); 
            ellipse(x4, y4, 2*r/3, 2*r/3); 
            ellipse(x5, y5, 2*r/3, 2*r/3); 
            ellipse(x6, y6, 2*r/3, 2*r/3); 
            ellipse(x7, y7, 2*r/3, 2*r/3); 
            if (dynamic==true) { 
              if (millis() -time>=wait) { 
                if (dynamicLv<3) { 
                  dynamicLv+=1; 
                } 
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                else { 
                  dynamicLv=0; 
                } 
                time=millis(); 
              } 
            } 
            //fill(semiDomi, 80); 
            noStroke(); 
            //stroke(semiDomi, 40); 
 
            if (dynamicAfr>dynamicAr) { 
              dynamicAr++; 
            } 
            if (dynamicAfr<dynamicAr) { 
              dynamicAr--; 
            } 
            if (dynamicAfg>dynamicAg) { 
              dynamicAg++; 
            } 
            if (dynamicAfg<dynamicAg) { 
              dynamicAg--; 
            } 
            if (dynamicAfb>dynamicAb) { 
              dynamicAb++; 
            } 
            if (dynamicAfb<dynamicAb) { 
              dynamicAb--; 
            } 
            if (dynamicBfr>dynamicBr) { 
              dynamicBr++; 
            } 
            if (dynamicBfr<dynamicBr) { 
              dynamicBr--; 
            } 
            if (dynamicBfg>dynamicBg) { 
              dynamicBg++; 
            } 
            if (dynamicBfg<dynamicBg) { 
              dynamicBg--; 
            } 
            if (dynamicBfb>dynamicBb) { 
              dynamicBb++; 
            } 
            if (dynamicBfb<dynamicBb) { 
              dynamicBb--; 
            } 
            fill(dynamicAr, dynamicAg, 
dynamicAb, 40); 
            ellipse(x8, y8, 2*r/3, 2*r/3); 
            ellipse(x10, y10, 2*r/3, 2*r/3); 
            ellipse(x12, y12, 2*r/3, 2*r/3); 
            ellipse(x14, y14, 2*r/3, 2*r/3); 
            fill(dynamicBr, dynamicBg, 
dynamicBb, 40); 
            ellipse(x9, y9, 2*r/3, 2*r/3); 
            ellipse(x11, y11, 2*r/3, 2*r/3); 
            ellipse(x13, y13, 2*r/3, 2*r/3); 
 
            ellipse(x15, y15, 2*r/3, 2*r/3); 
 
 
            noFill(); 
            strokeWeight(1); 
            stroke(semiDomi, 30); 
            ellipse(width/2, height/2, 
this.radius*noise(noiseNo)*3/2, 
this.radius*noise(noiseNo)*3/2); 
112 	  
            noiseNo+=0.09; 
 
 
 
 
 
            if 
(thetaStatus==true&&thetaOff==false) { 
              if (this.radius>0) { 
                this.radius-=5; 
                if (this.r<8) { 
                  this.r=r*1.1; 
                } 
              } 
            } 
          } 
          if (thetaStatus==false) { 
            if (dominantColor==#fc0526) { 
              if (this.radius<80) { 
                this.radius=81; 
              } 
              //Working on------------------ 
              if 
(maxlowA/(theta_/600)<1.0&&this.radius>
80) { 
                this.radius=this.radius*0.995; 
                // println(((l_alpha)/(theta_))); 
              } 
              if 
(maxlowA/(theta_/600)>=1.0&&this.radius
<350) { 
                this.radius=this.radius*1.001; 
              } 
              if (this.v>0.5) { 
                this.v=v*0.9; 
              } 
 
              if 
(this.radius>(l_alpha/600)&&this.r<30) { 
                this.r=r*1.1; 
              } 
              if 
(this.radius<(l_alpha/600)&&this.r>10) { 
                this.r=r/1.1; 
              } 
            } 
            if (dominantColor!=#fc0526) { 
              if (this.radius<80) { 
                this.radius=81; 
              } 
              //Working on------------------ 
              if 
(maxhighA/(theta_/600)<1.0&&this.radius>
80) { 
                this.radius=this.radius*0.995; 
              } 
              if 
(maxhighA/(theta_/600)>=1.0&&this.radius
<350) { 
                this.radius=this.radius*1.001; 
              } 
              if (this.v>0.5) { 
                this.v=v*0.9; 
              } 
 
              if 
(this.radius>(h_alpha/600)&&this.r<30) { 
                this.r=r*1.1; 
              } 
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              if 
(this.radius<(h_alpha/600)&&this.r>10) { 
                this.r=r/1.1; 
              } 
            } 
          } 
          strokeWeight(1); 
          stroke(this.dotColor, 20); 
          noFill(); 
          ellipse(width/2, height/2, 2*x/3, 
2*y/3); 
          strokeWeight(0.5); 
          stroke(this.dotColor, 20); 
          line(width/2, height/2, x, y); 
          line(width/2, height/2, x1, y1); 
          line(width/2, height/2, x2, y2); 
          line(width/2, height/2, x3, y3); 
          line(width/2, height/2, x4, y4); 
          line(width/2, height/2, x5, y5); 
          line(width/2, height/2, x6, y6); 
          line(width/2, height/2, x7, y7); 
          pushMatrix(); 
          noFill(); 
          translate(width/2, height/2); 
          rotate(radians(-frameCount/4)); 
          strokeWeight(random(2, 4)); 
          stroke((color)notDomi, 50); 
          rect(0, 0, this.radius*1.1, 
this.radius*1.1); 
          rotate(PI/2+radians(-frameCount/4)); 
          rect(0, 0, this.radius*1.1, 
this.radius*1.1); 
          popMatrix(); 
 
          //println("low_alpha : "+l_alpha/600); 
          //println("radius : "+ this.radius); 
        } 
        if (mediSustain==false) { 
          if (this.dotColor==(color)#8f55f0) { 
            if (dummyNumber1!=l_beta/600) { 
 
              dummyNumber1=l_beta/600; 
              RestCircle P = new 
RestCircle(random(-25, 25), random(-25, 
25), this.dotColor); 
              restCircleArray.add(P); 
            } 
          } 
          if (this.dotColor==(color)#55ecf0) { 
            if (dummyNumber2!=h_beta/600) { 
 
              dummyNumber2=h_beta/600; 
              RestCircle P = new 
RestCircle(random(-25, 25), random(-25, 
25), this.dotColor); 
              restCircleArray.add(P); 
            } 
          } 
          if (this.dotColor==(color)#b3b4b2) { 
            if 
(dummyNumber3!=m_gamma/600) { 
 
              dummyNumber3=m_gamma/600; 
              RestCircle P = new 
RestCircle(random(-25, 25), random(-25, 
25), this.dotColor); 
              restCircleArray.add(P); 
            } 
          } 
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          if (this.dotColor==(color)#f0aa55) { 
            if (dummyNumber4!=l_gamma/600) 
{ 
 
              dummyNumber4=l_gamma/600; 
              RestCircle P = new 
RestCircle(random(-25, 25), random(-25, 
25), this.dotColor); 
              restCircleArray.add(P); 
            } 
          } 
        } 
        if (mediSustain==true) { 
          if (lotusSpeed<2.4) { 
            lotusSize+=0.02; 
            lotusSpeed+=0.002; 
            // println(lotusSize); 
          } 
 
          else lotusSpeed+=0.002; 
          //strokeWeight(0.01); 
          //stroke(250, 50, 18, 60); 
          int []values = { 
            l_beta, h_beta, l_gamma, 
m_gamma 
          }; 
          int maxBw=max(values); 
          int minBw=min(values);  
          if (maxBw==l_beta) { 
            co1 = color(143, 85, 240); 
          } 
          if (minBw==l_beta) { 
            co2 = color(143, 85, 240); 
          } 
          if (maxBw==h_beta) { 
            co1 = color(85, 236, 240); 
          } 
          if (minBw==h_beta) { 
            co2 = color(85, 236, 240); 
          } 
          if (maxBw==l_gamma) { 
            co1 = color(240, 170, 85); 
          } 
          if (minBw==l_gamma) { 
            co2 = color(240, 170, 85); 
          } 
          if (maxBw==m_gamma) { 
            co1 = color(179, 180, 178); 
          } 
          if (minBw==m_gamma) { 
            co2 = color(179, 180, 178); 
          } 
          if (col>255) col=0; 
          else col++; 
          //fill (250, 50, 18, 30); 
 
          for (int i=0; i<8; i++) { 
            strokeWeight(0.05); 
            float clx = width/2 + 
lotusSize*cos(lotusSpeed+PI*i/4); 
            float cly = height/2 + 
lotusSize*sin(lotusSpeed+PI*i/4); 
            float c2x = width/2 + 
lotusSize*cos(PI*i/4-lotusSpeed)/2; 
            float c2y = height/2 + 
lotusSize*sin(PI*i/4-lotusSpeed)/2; 
            float lotA = map(i, 0, 8, 0, 1); 
            color mixLotus = lerpColor(co1, 
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co2, lotA); 
            stroke(mixLotus, 30); 
            fill(mixLotus, 10); 
            bezier(width/2, height/2, clx, cly, 
c2x, c2y, width/2, height/2); 
            point (clx, cly); 
            point (c2x, c2y); 
          } 
        } 
      } 
    } 
    if (meditationStatus==false) { 
      if (type==1) { 
        float x = locx+radius*sin(radians(i)); 
        float y = locy+radius*cos(radians(i)); 
        fill(255, 15); 
        ellipse(x, y, r, r); 
        fill(dotColor, 80); 
        ellipse(x, y, 2*r/3, 2*r/3); 
        //v=v*1.01; 
        if (this.dotColor==(color)#034304) { 
          if (speedUp==false) { 
            if (this.v<8) { 
              this.v=v*1.1; 
            } 
          } 
          if (speedUp==true) { 
            this.radius=260; 
          } 
        } 
        if (this.dotColor==(color)#fc0526) { 
          if (speedUp==true) { 
            this.radius=260; 
 
            meditationStatus=true; 
          } 
          if (speedUp==false) { 
            if (this.v<8) { 
              this.v=v*1.1; 
            } 
          } 
          if (speedUp==false) { 
            if 
(this.radius>(l_alpha/600)&&this.r<30) { 
              this.r=r*1.1; 
              // this.v=15; 
            } 
            if 
(this.radius<(l_alpha/600)&&this.r>10) { 
              this.r=r/1.1; 
            } 
            if ((l_alpha/600)>this.radius) { 
              this.radius+=2; 
            } 
            if ((l_alpha/600)<this.radius) { 
              this.radius-=2; 
            } 
          } 
          //println("low_alpha : "+l_alpha/600); 
          //println("radius : "+ this.radius); 
        } 
        if (this.dotColor==(color)#034304) { 
          if 
(this.radius>(h_alpha/600)&&this.r<30) { 
            this.r=r*1.1; 
          } 
          if 
(this.radius<(h_alpha/600)&&this.r>10) { 
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            this.r=r/1.1; 
          } 
          if ((h_alpha/600)>this.radius) { 
            this.radius+=2; 
          } 
          if ((h_alpha/600)<this.radius) { 
            this.radius-=2; 
          } 
          // println("high_alpha : 
"+h_alpha/600); 
        } 
        if (this.dotColor==(color)#8f55f0) { 
          if 
(this.radius>(l_beta/600)&&this.r<30) { 
            this.r=r*1.1; 
          } 
          if 
(this.radius<(l_beta/600)&&this.r>10) { 
            this.r=r/1.1; 
          } 
          if ((l_beta/600)>this.radius) { 
            this.radius+=2; 
          } 
          if ((l_beta/600)<this.radius) { 
            this.radius-=2; 
          } 
        } 
        if (this.dotColor==(color)#55ecf0) { 
          if 
(this.radius>(h_beta/600)&&this.r<30) { 
            this.r=r*1.1; 
          } 
          if 
(this.radius<(h_beta/600)&&this.r>10) { 
            this.r=r/1.1; 
          } 
 
          if ((h_beta/600)>this.radius) { 
            this.radius+=2; 
          } 
          if ((h_beta/600)<this.radius) { 
            this.radius-=2; 
          } 
        } 
        if (this.dotColor==(color)#f0aa55) { 
          if 
(this.radius>(l_gamma/600)&&this.r<30) { 
            this.r=r*1.1; 
          } 
          if 
(this.radius<(l_gamma/600)&&this.r>10) { 
            this.r=r/1.1; 
          } 
          if ((l_gamma/600)>this.radius) { 
            this.radius+=2; 
          } 
          if ((l_gamma/600)<this.radius) { 
            this.radius-=2; 
          } 
        } 
        if (this.dotColor==(color)#b3b4b2) { 
          if 
(this.radius>(m_gamma/600)&&this.r<30) 
{ 
            this.r=r*1.1; 
          } 
          if 
(this.radius<(m_gamma/600)&&this.r>10) 
117 	  
{ 
            this.r=r/1.1; 
          } 
          if ((m_gamma/600)>this.radius) { 
            this.radius+=2; 
          } 
          if ((m_gamma/600)<this.radius) { 
            this.radius-=2; 
          } 
        } 
      } 
      if (type==2) { 
      } 
    } 
 
    // thetaG-=TWO_PI/frames; 
    //v=v*0.95; 
 
 
    //println("Print dot, at " + x + "," + y + " 
with radius: " + r); 
  } 
 
  void update() { 
    i=i-v; 
    if (i>360)i=0; 
  } 
} 
class Particle {  
  float rr = 1;  
  PVector pos, speed; 
  ArrayList tail;  
  float splash = 20;  
  int margin = 2;  
  int taillength = 3;  
 
  Particle(float tempx, float tempy) {  
    float startx = tempx + random(-splash, 
splash);  
    float starty = tempy + random(-splash, 
splash);  
    startx = constrain(startx, 0, width);  
    starty = constrain(starty, 0, height);  
    float xspeed = random(-20, 20);  
    float yspeed = random(-20, 20);  
    pos = new PVector(startx, starty);  
    speed = new PVector(xspeed, yspeed);   
    tail = new ArrayList(); 
  }  
  void run() {  
    pos.add(speed);  
    tail.add(new PVector(pos.x, pos.y, 0));  
    if (tail.size() > taillength) {  
      tail.remove(0); 
    }  
    float damping = random(-0.5, -0.6);  
    if (pos.x > width - margin || pos.x < 
margin) {  
      tail.remove(this); 
    }  
    if (pos.y > height -margin) {  
      tail.remove(this); 
    } 
  }  
  void update() {  
    for (int i = 0; i < tail.size(); i++) {  
      PVector tempv = (PVector)tail.get(i);  
      strokeWeight(part); 
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stroke(random(255),random(255),random(
255)); 
      
//fill(random(255),random(255),random(25
5));  
      point(tempv.x, tempv.y); 
    } 
  } 
} 
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Design Lab 
Faculty of Architecture, 
Design and Planning 
Artistic visualisation of the brainwave of meditators 
Questionnaire #1 
 
 
Please fill in the following information on this page before starting meditation: 
 
Participant ID: ________ 
 
 
 
1. Gender: ☐ Male    ☐ Female 
 
2. Age: ☐ 18 to 24   ☐ 25 to 34   ☐ 35 to 44   ☐ 45 to 54   ☐ 55 and older 
 
3. Do you regularly practice meditation?  
 
☐ Yes     ☐ No 
 
If yes, how long have you been practising meditation for? _________________ 
 
If no, have you ever experienced meditation? ________________ 
 
Technique: 
 
 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Name  
Pseudonym 
(if preferred)  
Address  
Email 
 
Professional 
Background 
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AFTER MEDITATION SESSION - - - - - - - - - - - - - - - - - - - - 
 
4. Please describe your internal experience of the 10 minutes session. 
 
___________________________________________________________________
___________________________________________________________________ 
___________________________________________________________________
___________________________________________________________________ 
___________________________________________________________________ 
___________________________________________________________________ 
___________________________________________________________________
___________________________________________________________________ 
___________________________________________________________________ 
___________________________________________________________________ 
___________________________________________________________________ 
___________________________________________________________________ 
___________________________________________________________________ 
___________________________________________________________________ 
___________________________________________________________________ 
___________________________________________________________________ 
___________________________________________________________________ 
 
5. The brainwave tool was comfortable to wear. (Please tick one) 
 
Strongly disagree      Disagree       Neutral      Agree       Strongly agree 
            ☐                          ☐                ☐               ☐                  ☐ 
 
6. The duration of meditation was conducted for 10 minutes. Did you achieve a state 
of relaxation or meditation? 
 
☐ Yes     ☐ No     ☐ Not sure 
 
If No, do you think you need more time to meditate?  ☐ Yes   ☐ No 
         If yes, how much more time?    _______minutes 
 
6. Any additional comments:  
___________________________________________________________________ 
___________________________________________________________________ 
___________________________________________________________________ 
___________________________________________________________________ 
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Design Lab 
Faculty of Architecture, 
Design and Planning 
 
Artistic visualisation of the brainwave of meditators 
Questionnaire #2 
 
 
Is this your first time to participate in Narcissus Brainwave project? 
 
☐ Yes 
☐ No 
 
If Yes, then fill in Questionnaire #1 before starting meditation. 
 
Participant ID: ________ (copy from Questionnaire #1) 
 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
EVALUATION OF VISUALISATION PATTERNS 
 
1. Are you familiar with interactive visualisation?  
 
☐ Very familiar     ☐ A little familiar    ☐ Not at all 
 
If familiar, please describe: 
___________________________________________________________________
___________________________________________________________________ 
___________________________________________________________________ 
 
 
2. Evaluation questions 
 
 
   - DS1 
 
2-0. On viewing this visualisation, do you feel like if produced a meditative 
effect in you? 
___________________________________________________________________
___________________________________________________________________ 
___________________________________________________________________ 
Visualisation Initial Judgement 
Final 
Judgement Reason (if changed) 
DS1     
DS2     
DS3     
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2-1. What was your initial reaction to viewing the visualisation 
 
- Emotional, felt response (tick in the box) 
-  
Weak           Strong 
 
- Meaning / interpretation.  
___________________________________________________________________
___________________________________________________________________ 
___________________________________________________________________ 
 
 
   - DS2 
 
2-2. On viewing this visualisation, do you feel like if produced a meditative 
effect in you? 
___________________________________________________________________
___________________________________________________________________ 
___________________________________________________________________ 
 
2-3. What was your initial reaction to viewing the visualisation 
 
- Emotional, felt response (tick in the box) 
 
Weak           Strong 
 
- Meaning / interpretation. 
___________________________________________________________________
___________________________________________________________________ 
___________________________________________________________________ 
 
 
   - DS3 
 
2-4. On viewing this visualisation, do you feel like if produced a meditative 
effect in you? 
___________________________________________________________________
___________________________________________________________________ 
___________________________________________________________________ 
 
2-5. What was your initial reaction to viewing the visualisation 
 
- Emotional, felt response (tick in the box) 
 
Weak           Strong 
 
- Meaning / interpretation. 
___________________________________________________________________
___________________________________________________________________ 
___________________________________________________________________ 
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3.  Please describe the key elements/moments that stood out for you in the changing 
visualisation. (You can view the moment of image in the video) 
 
Key elements / transitions/ 
 
Image 1  
 
                                   Feeling : 
 
 
 
 
                                   Meaning : 
 
 
 
 
Image 2 
 Feeling : 
                                   Feeling : 
 
 
 
 
                                   Meaning : 
 
 
 
 
Image 3 
 
 
 
                                   Feeling : 
 
 
 
 
                                   Meaning : 
 
 
Image 4 
 
 
                                   Feeling : 
 
 
 
 
                                   Meaning : 
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Image 5 
 
                                   Feeling : 
 
 
 
 
                                   Meaning : 
 
 
 
 
 
 
4. Can you attribute certain patterns to meditators or non-meditators? 
 
☐ Yes 
☐ No 
 
Please Describe: 
___________________________________________________________________ 
___________________________________________________________________ 
___________________________________________________________________ 
 
 
5. Which properties of the visualisation do you think contributed to your ability to 
discriminate between meditators and non-meditators brainwave activity? 
 
Properties 
     NOT                                                                         EXTREMELY 
IMPORTANT                                                                 IMPORTANT 
1 2 3 4 5 
Geometry O O O O O 
Colour theme O O O O O 
Colour change O O O O O 
Scale - expansion O O O O O 
Scale - contraction O O O O O 
The rate of change O O O O O 
Composition O O O O O 
Speed O O O O O 
 
 
 
6. Any additional comments: 
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________
___________________________________________________________________ 
___________________________________________________________________ 
___________________________________________________________________ 
___________________________________________________________________ 
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Referral Brainwave Graphs  
A
S
IC
 E
E
G
 
P
ow
er
 u
ni
ts
 
S
ec
on
ds
 
Figure. 29. Normal status (non-meditator) 
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Figure. 30. Meditation  status (non-meditator) 
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Figure. 31. Normal status (5 years experienced meditator) 
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Figure. 32. Meditation status (5 years experienced meditator)  
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Figure. 33. Normal status (13 years experienced meditator)  
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Figure. 34. Meditation status (13 years experienced meditator) 
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. Figure. 35. Meditation status (non-meditator) 
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Figure. 36. Meditation status (non-meditator) 
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Figure. 37. Meditation status (non-meditator) 
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Figure. 38. Meditation status (3 years experienced meditator) 
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Figure. 39. Meditation status (5 years experienced meditator) 
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Figure. 40. Meditation status (13 years experienced meditator) 
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Figure. 41. Normal status (non-meditator) 
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Figure. 42. Normal status (non-meditator) 
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Figure. 43. Meditation status (non-meditator) 
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Figure. 44. Meditation status (3 years experienced meditator)  
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Figure. 45. Meditation status (5 years experienced meditator) 
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Figure. 46. Walking meditation (1 year experienced meditator) 
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Referral Brainwave Graphs – added in User Study 2 
 
P11 (non-meditator) 
 
Non-meditative status 
 
 
 
Meditative status 
 
 
 
 
 
 
 
*x-axis: ASIC EEG Power units, y-axis: seconds  
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P12 (15 years experienced meditator) 
 
 
Non-meditative status 
 
 
 
Meditative status 
 
 
 
 
 
 
 
 
 
 
 
 
*x-axis: ASIC EEG Power units, y-axis: seconds   
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P13 (1 year experienced meditator) 
 
 
Non-meditative status 
 
 
 
Meditative status 
 
 
 
 
 
 
 
 
 
 
 
 
*x-axis: ASIC EEG Power units, y-axis: seconds 
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P14 (2 years experienced meditator) 
 
 
Non-meditative status 
 
 
 
Meditative status 
 
 
 
 
 
 
 
 
 
 
 
 
*x-axis: ASIC EEG Power units, y-axis: seconds 
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P15 (non-meditator) 
 
 
Non-meditative status 
 
 
 
Meditative status 
 
 
 
 
 
 
 
 
 
 
 
 
*x-axis: ASIC EEG Power units, y-axis: seconds 
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P16 (10 years experienced meditator) 
 
 
Non-meditative status 
 
 
 
Meditative status 
 
 
 
 
 
 
 
 
 
 
 
 
*x-axis: ASIC EEG Power units, y-axis: seconds 
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P17 (non-meditator) 
 
 
Non-meditative status 
 
 
 
Meditative status 
 
 
 
 
 
 
 
 
 
 
 
 
*x-axis: ASIC EEG Power units, y-axis: seconds 
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Referral Photos 
 
 
 
 
 
Angelski. (2015). Tibetan Mandala. This Mandala was created for presentation to His 
Holiness the 14th Dalai Lama. 
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Barrera, (2013). Tibetan Buddhist Mandala. “Several Buddhist monks from the Drepung 
Loseling Monastery in India in Austin to create a five-foot sand mandala” 
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   Dwirun, (2005). Sacred Sand Mandala. “Installation view, Circles of Healing, Circles of 
Peace: Sacred Sand Mandala created by Tibetan Buddhist Nuns.” 
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                 Dzong, (2013). Sand Mandala. Cutting Mandala into 8 slices.  
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Dzong, (2013). Sand Mandala. Destroying the Mandala. The sand was swept to the centre of 
the table, symbolising the impermanence of all things. 
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                                   Deeper meditative state in Narcissus Brainwave 
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Distracted in meditation. The Mandala breaks into 8 divisions. Whole pattern shrinks down to 
the centre and expands outward – this symbolises the dissolution of the Tibetan sand 
Mandala at completion. 
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                                        Transition to non-meditative status 
